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1.0 PURPOSE 

This study of the MK 112 ASROC Launcher Digital Control Sv<tem* developed at the 
Naval Electronics Laboratory Center (NELC) is intended for use by agencies and personnel 
concerned with the development of digital fire-control techniques. The program documented 
herein does not in any sense furnish an operational entity, but does demonstrate the feasibility 
of launcher control by digital techniques and forms a basis from which the launcher control 
portion of an operational program can be developed. The program is designed to exercise 
both tuin and elevation functions simultaneously. 

2.0 SCOPE 

This volume comprises a comprehensive description of the computer program designed, 
implemented, and tested by NELC. For convenience of use, all specifications pertinent to 
the piogram have been compiled within this volume. 

Pans 1 to 6 contain all information pertinent to each of the respective program aress. 
As a prerequisite for fully understanding the material contained in this volume, the reader 
should be familiar with the UN!VAC Type 1218 (CP 789) Digital Computer and Trim A 
(field-data cotl^) programming language. Reference to applicable documents concerning 
the computer and the Trim II language is made in Section 4.0, Part 1. 

2.1 Computei Program Performance Specifications 

Part 2 describes the design of parameters for the computer program in terms of 
performance criteria and hardware constraints. It also contains a comprehensive 
description of the simulation techniques employed in creat ng an artificial launcher 
environment that parallels as closel> as possible the operational environment. 

'Pnpmtd by the Naval Electronux Luboniory (.*•..'.'• Code SJM, in tupport of the Anrisuhmorine Warfare Proleci 
Offkt IASWPO 202L This last, MM directed under bh *,' '*2 S31-03 105 72, NELL Task N20i. 
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2.2 Computer Program Design Specifications 

Part 3 defines the program design and contains a detailed description of the over- 
all program and individual i-outines. Also included is a complete set of flow diagrams. 
Section S, Part 3, includes a printed output listing of the complete program. 

2.3 Computer Program Operator's Manual 

Part 4 provides complete instructions for program operation. It presumes a basic 
knowledge of the Type 1218 Digital Computer and familiarity with its operating 
controls. 

2.4 Computer Program Vest Plan 

Part S presents a plan for testing the computer program. 

2.5 Computer Program Test Specification 

Part 6 describes the detailed requirements and parameters of the program test as 
conducted at the Naval Nuclear Weapons Training Center Pacific (NWTCP) during the 
period 10 July 1968 to 28 August 1968. Also included in Part 6 is a comprehensive 
description of the hardware and equipment employed in the tests. 



3.0 APPLICABILITY 

This volume is applicable to organizations and personnel concerned with the development 
and implementation of computer programs for weapons controlled by digital techniques. 

4.0 REFERENCE DOCUMEMTS 

The following documents contain reference material applicable to the conte.it of this 
volume. 

a. NAVWEPS OD 14430, "Factory Acceptance Test Power Drive MK 61 and MK 62, 
Power AmpUfierMKl S3" 

b. Naval Underwater Weapons Research and Engineering Station TM 379, Operational 
Tests of the ASROC Launcher MK 112 with Simulated ASROC and ERA Missile Loads, 
by W. B. Cullison, CONFIDENTIAL, November 1966 

c. Naval Electronics Laboratory Center Drawing RAAC 340.1-2230, Encoder-Synchro 
Assembly, March 1968 

d. Univic PX 2526,4 soli.. Technical Mmual For Type 1219 Digital Data Computer, 
May 1964 

e. Naval Ordnance Systems Command WS-8S06, Requirements For Digital Computer 
Program Documentation, IS December 1966 

f. Bureau of Ordnance Drawing LD 541510. -4 57? OC Weapon System FCC Mk 111 
Functional Schematics For DD 710 Class Ships. 28 June 1961 

g. Univac PX 2910, Revision A, Programmers Reference Manual for UNI VAC 1218 
Computer, December 1963 

h.    Bureau of Ships NavShips 94093(A), v.2, Technical Manual For Digital Data 
Converter CV-1123IUSQ-20(V), Section 8, v.2, 14 June 1963 

i.     Naval Electronics Laboratory Center, Computer Program Performance Specifications 
For the MK 112 ASROC Launcher, by D. L Buck, 28 June 1968 



J.     Bureau of Weapons NavWeps OP 2385, v.2 (Revision I, Change 2), Launching 
Group MK 16 Mods I, 2. 3and4. Train Power Drive MK 61 Mod 0 and I. Elevaiion 
Power Drive MK 62 Mods Oand I, and Power Drii-e Amplifier MK 153 Mod 0 
Amplifier Chassis: Description and Maintenance. 14 May I96S 

k.    Navy Electronics Laboratory Report 1354, Digital Control of the Guided Missile 
Launching System MK 13. by J. B. Slaughter and D. W. Doherty. CONIIDKNTIAL, 

II February 1966 

L      Naval Underwater Weapons Research and Engineering Station TM 392, Develop- 
mtnt of a Linear Math Model For the ASROC Launcher MK 112 Power Drives, by 
E. W.Wilbur, April 1968 

5.0 EXPUHATION OF TERMS 

Paragraphs 5.1 through 5.9 define the terms and equipment names referred to in the 
specifications contained in this volume. Since the terms are not unique, the explanations given 
here will clarify their usage in this study. 

5.1 Executive 

The Executive is the overall control routine for the program. This routine, as a 
function of manual selection on the Command Selector Control Panel, initializes the 
program and calls each routine in its proper sequence. 

5.2 Uuncher Order 



e 
S.3 lancliM Positiu 

The Launcher Position is the actual position as nwired by a position feedback 

device. 

5.4 Loop Error 

The Loop Error is defined as'the difference, in degrees, between the actual Launcher 

Position and the ordered position. 

5.5 Program 

The term "Program" refers to the entire group of routines that have been assembled 

to demonstnte the feasibility of digital launcher control. 

5.6 Profrui Initialization 

The k 'ogram Initialization is the procedure by which program operation is started, 
including table generation. Once initialized, the program will cycle in response to inputs 
from the Command Selector Control Panel. 

5.7 Command Selector Control Panel 

The Command Selector Control Panel is a special-purpose panel that provides a 
means of introducing simulated fire-control system inputs to the program. 
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5.8 Routina 

This item. "Routine," describes an entity that in a larser pro|r«m might be 
termed a subprogram. 

5.9 Symboloßf 

Certain symbols are employed to identify various fire-control positions and 
functions. The following symbols will be used: 

Bdt 

Etlf 

BdgV 

EdgV 

DBdg 

DEdg' 

DBdgl' 

DEdgV 

Bdg\'-Bdg' 
EdgX'-Edg 

Launcher train position 

Launcher elevation position 

Launcher train order 

Launcher elevation order 

Launcher train rate (velocity) 

Launcher elevation rate (velocity) 

Launcher train rate order 

Launcher elevation rate order 

c (Bdg ) • Train error as a function of launcher position 
e{Edg') ■ Elevation error as a function of launcher position 

Special symbols, of the following form, were created to meet the requirements for 
expressing digital functions: 

fieiBdg'))    *     Control input to Zeltex train amplifier, consisting of a modi- 
fied error signal summed with feedforward velocity signal 

/le{Edg'))    •     Control input to the Zeltex elevation amplifier, consisting of 
a modified error signal summed with the feedforward velocity 
signal. 



6.0 EXPLAMTION OF VOLUME FORMAT 

The program specifications described in Section 2.0. Part I, are contained in this 
volume ai Parts 2 through 6. Each specification is a complete entity and, in deviation from 
normal documentation practice, has been sectionalized independently so that it may, if 
desired, be removed from the volume for user convenience. Following Fart 6 is an appendix 
th»t contains a suggested format for an operational digital launcher control program. 



PART 2 

COMPUTER PROSRAM PERFORMANCE SPECIFICATION 
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c     Naval Underwater Weapons Research and Engineering Station TM 392, Develop- 
ment of a Linear Math Model For the ASROC Launcher MK 112 Power Drives, by 
E.W.WUbur, April 1968 

d. Bureau of Weapons NavWeps OP 2385, v.2, (Revision I, Change 2), Launching 
Grcup MKI6 Mods 1, 2. 3 and 4. Train Power Drive MK61, Mods OandJ. Elevation 
Power Drive MK 62 Mods Oandl. and Power Drive A mplifler MK 153 Mod 0 
Amplifier Chassis: Description and Maintenance, 14 May I96S 

e. Bureau of Ordnance Drawing LD S4IS10, ASROC Weapon System FCC Mk 111 
Functional Schematics For DD 710 Class Ships, 28 June 1961 

2.2 Inter-Subsystem Specifications 

a. Naval Electrodes Laboratory Center Drawing RAAC 340.1-2230, Encoder^ynchro 
Assembly. March !968 

b. Univac PX 2S26.4 vols., Technical Manual For Type 1218 Digital Data Computer, 
May 1964 

t     Univac PX 2910. Revision A, Programmers Reference Manual For UNIVAC 1218 
Computer, December 1963 

x     Bureau of Ships NavShips 94093(A), v.2, Technical Manual For Digital Data 
Converter CV-1123IUSQ-20(V), Section 8. v.2, 14 June 1963 

- 

2.3 Miscellaneous Documents 

a.     Navy Electronics Laboratory Report 1354, Digital Control of the Guided Missile 
Launching System Mk 13, by J. B. Slaughter and D. W. Doherty, CONFIDENTIAL, 
II February 1966 
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3.0 REQUIREMENTS 

3.1 Introduction 

The MK 112 launcher power drives for train and elevation consist of two separate 
electrohydraulic systems. Since the train and elevation power drives are functionally 
identical, only the train power drive is discussed. The test program is, however, designed 
to exercise both the train and elevation power drives. The normal configuration of the 
train system is shown in the block diagram (flg. 2-1). The desigi ">f the digital control 
system is based on two considerations: (I) the dual-mode controller approach to error 
compensation, and (2) the system configuration shown in figure 2-2. The conventional, 
continuous compensation for the power drives is not used in the digital system and 
therefore will not be discussed. Figures 2-2 and 2-3 show the NELC digital system con- 
figuration. The dual-mode controller consists of a nonlinear error curve for large-signal 
compensation and a biquadratic lag controller for small-signal compensation. This 
compensation is performed by the digital computer. The selection of a controller is 
based on error magnitude. The error-shaping curve is used for error compensation for 
all error magnitudes greater than I degree. Error compensation is switched to the linear 
controller on a decreasing error signal when its magnitude becomes less than or equal 
to 1/2 degree. This small signal controller is switched, out of the loop and the error 
curve, back in on an increasing error signal when the error magnitude exceeds 1 degree. 
Thus this asymmetrical operation allows, after insertion into the loop at 1/2-degree 
error, the linear controller to rer.ain in the loop until error magnitude is greater than 
1 degree. Feedforward velocity is calculated and filtered by the computer and added 
to the output of the dual-mode controller. The resultant sum is then outputted as a 
dc voltage and summed with the stroke feedback voltage. This resultant signal is 
called velocity error. 

The small-signal compensation is a low-pass Alter with a steady-state gain of 20 and 
is designed from the linear model of the power-drive system. The large-signal, nonlinear 
error-shaping curve is used to drive the launcher into the linear, small-signal region with 
a predetermined error/velocity relationship. Its design is based on the nonlinear 
characteristics of the power drive. The electrohydraulic power drive (fig. 2-4) operates 
in the following manner: A dc signal from the control amplifier is applied to the torque 
motor windings. Linear motion less than or equal to 10.0075 inch is transmitted by 
the armature of the motor to position the paddle within the servo valve. The in-and-out 
position of the paddle directs the flow of hydraulic fluid to piston X, the first stage of 
a two-stage hydraulic amplifier. Piston X controls the flow and direction of fluid to the 
ends of control pistons Z and Y. The control piston in the second stage of the hydraulic 
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«mplifier controls the position of the slide block around the pistons in the cylinder 
body of the A-end hydraulic pump. The displacement of the block, which is proportional 
to launcher velocity, controls the volume and direction of flow of high-pressure fluid to 
the B-end hydraulic motor. The B-end motor positions the launcher via the gear train. 

The digital program will provide plant dynamic compensation as well as position 
orders. Error calculation will be accomplished within the 1218 computer by comparing 
the digital position orders with the actual Launcher Position via signals converted to 
digital form by eitncr the CV-1123/USQ-2(HV) Keyset Central or the 15-bit shaft-position 
encoders. 

3.2 Functional Summary 

The digital program for testing the feasibility of digital control of the Mk 112 
launcher system will be designed to be used with the UNI VAC 1218 computer. This 
program will provide comprehensive tests of both train and elevation operation and 
will be loaded from the UN1VAC 1232 I/O Console using Input Channel 7. Figure 2-3 
shows the major equipment interfaces between the digital computer and the Mk 112 
launcher. The position command (determined by the switch configuration of the 
Command Selector Control Panel) will be compared to the Launcher Position and any 
error present will be computed. Then the error signal is compensated by a digital 
filter or a nonlinear error-shaping function, depending on error magnitude. 

The resultant control signal is summed with the feedforward velocity signal and 
transmitted on Channel 6 of the 1218 to the digital-to-analog (D/A) interface logic 
and then to D/A-1. The dc output of D/A-l and the tachometer feedback are summed 
in the dc amplifier. This amplifier drives the torque motor of the launcher power 
drive, thereby closing the loop. The control signal from D/A-l, the error signal from 
D/A-2, and the launcher velocity from D/A-3 are displayed on a Brush Recorder 
(fig. 2-3). Output Channels 3 and 4 are used for external function commands to the 
Encoder Selector and Keyset Central, respectively. Input Channels 3 and S are used to 
receive Launcher Position information from either the Encoder Selector or Keyset 
Central. The Command Function Selector signal is received on Channel 0. The basic 
functional requirements of the computer program »it shown in the flow diagram 
(fig. 2-5). 

The program can be compartmented into seven major functions described in greater 
detail in the next sections. These functions are: 

a. Generate tables, initialize, and clear cells. 

b. Perform timing and establish remote-control operations. 
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c. Generate launcher orders and compute position error. 

d. Form and output launcher orden to D/A. 

e. Calculate modified error commands. 

f. Add velocity and output to D/A. 

g. Display data. 

3.3 Detailsd Functional Requirements 

The computer progran will be required to perform the major functions outlined 
In Section 3.2. The specific requirements are included in the paragraphs that follow. 

3*3.1   GENERATE TABLES, INITIALIZE. AND CLEAR CELLS 

The Tint major function of the computer program is to prepare itself for 
a test operation. The program will he required to modify constants, clear past 
history, and set the initial conditions for a specific test. The program will be 
required to generate certain tables used in the runs. 

3.3.2   PERFORM TIMING AND ESTABLISH REMOTE-CONTROL OPERATION 



1 
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3KJL3   GENERATE LAUNCHER ORDERS AND COMPUTE POSITION ERROR 

This portion of the computer program is concerned with the genention 
of the Launcher-Position and velocity orders and the computation of the 
closed-loop position error. Step, ramp, and sinusoidal inputs, with and without 
additive noise, will be generated. The velocity order will be determined from 
the position order and passed through a Ist-order infinite memory filter for 
smoothing purposes. Loop error will be determined by the use of a subroutine 
comparing the position order and the feedback quantity from the Encoder or 
KSC 

313.4   CALCULATE MODIFIED ERROR COMMANDS 

The computer will be required to cany out the compensation 'unctions. 
The functions of the compensation selector will be perfotroed 'v a routine that 
examines the error magnitude and decides whether the small-signal controller or 
the error curve should be used to modify the error signal. For errors outside the 
synchronized region, the error curve table will be utilized. The computer will 
modify the error by using a table lockup. For errors within the synchronized 
region, a linear digital filter subroutine will be utilized to develop ue required 
control signali 

3AS   ADD VELOCITY AND OUTPUT TO D/A 



13.6   DISPLAY DATA 

The fant nujor function of the computer is to provide the iiecenary com- 
munication with the recording equipment to allow an on-line Brush Recorder 
display of the various quantities of interest (fig. 2-3). 

3.4 Adaptation 

3.4.1    GENERAL ENVIRONMENT 

Not applicable to this specification. 

3.4.2   SYSTEM PARAMETERS 

Certain constants used in the feasibility program will be capable of change 
at the discretion of the test conductor. The error window size may be varied to 
alter the crossover characteristics of the small- and large-signal controllers. 

The error curve table may also be modified to show the effects on system 
performance. The constants that constitute this table will be programmed in 
such a manner as to facilitate modification. 
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7.3 Mode Switching 

The switching circuit is designed to switch the smaJI-s: ^nal compensation network 
in when error magnitude falls below 0.S degree. This operation may be accomplished 
using the relay comparator circuit (fig. 2-7). The output of Amplifier 27 is proportional 
to | -£j I. This absolute value is applied to the input of Relay Comparator I together 
with the bias from Amplifier 10, which controls the sw:tching window size. This bias 
it adjusted so that as the signal decreases to O.S degree the comparator will be in the 
** - " position, thereby in .erting the small-signal compensation into the system loop. 
When the error is greater than O.S degree, the comparator is in the " + " position, which 
bypasses the small-signal compensation. 

The error curve remains in the loop at all times since it has a gain of I when the 
error is less than O.S degree and therefore does not affect the small-signal controller's 
operation. 

7.4 Amplifier, Torque Motor, and Servo Valve 
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1.0 SCOPE 

1.1 Identification 

Part 3 com. ns a.'' prognun design dau for the ASROC Mk 112 Launcher Digital 
Control System as designed, implemented, and tested by NELC. The computer pro 
gram was designed to demonstrate the feasibility of controlling the launcher by digital 
techniques, utilizing the UNI VAC 1218 (CP 789) Digital Data Computer. The program 
n self-contained am* :pe'jtcs as an entity; therefore, all design information r mally 
contained within tiie specification relating to computer subprograms has been integrated 

into Part 3. 

1.2 Functional Summary 

Since this is essentially a feasibility demonstration program, it provides for control 
of both axes of launcher movement, ie. train and elevation. It also furnishes a choice 

of inputting Launcher Position via KSC or encoders. For convenience, ail subprogram* 
necessary to perform these operations are embodied in one program. The program 
controls the launcher in a digital, closed-loop fashion and demonstrates the capability 

of the digital computer to perform many functions, including command position 
generation and launcher compensation, using digital-to-analog converters to feed opera- 

tional amplifiers that provide power to the launcher torque motors. 

2.0 APPLICABLE DOCUMENTS 

2.1 Performance Specifications 
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2.2 Miscellaneous Documents 

The following documents are applicable to the content of this specification. 

a. Univac P\ 2526.4 vols-. Technical Manual For Type 1218 Digital Data Computer, 
May 1964 

b. Univac PX 29,.0, Revision A, Programmen Reference Manual For UNIVAC 1218 
Computer, December 1963 

c. Naval Electronics Laboratory Center TD 57, ASROC MK 112 Digital Control 
System, Fart 4: Computer Prognrr Operator s Manual (In press) 

d. Naval Electronics Laboratory Center TD 57, ASROC MK 112 Launcher Digital 
Control System, Part 3; Computer Program Test Plan (In press) 

e. Naval Electronics Laboratory Center TD 57, ASROC MK 112 Launcher Digital 
Control System, Part 6. Computer fvgram Test Specification (In press) 

3.0 REQUIREMENTS 

The ASROC Mk 112 Launcher Digital Control System computer program includes 
all routines necessary to perform all functions of both train and elevation control. The 
program must be run as an entity, under the control of an integral Executive, with appro- 
priate routines called on as needed. Since the program was designed for use in a non • 
operational environment, three tables are generated at the time of program initialization 
to provide the necessary operational atmosphere for the launcher: a noise table (NTABN), 
which simulates random noise approximating that which would occur in the operational 
environment, and the train-and-elcvulion error curve tables (TETABN and ELETBN, 
respectively), which provide digital compensation to the launcher during large signal excur- 
sions. 

The Executive routine begins with the initialization of various memory areas, including 
the following: 

a. Storage of synchronizing interrupt instruction. 

b. Calculation of sampling rate. 

c. Generation of noise table. 
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d. Generation of train error curve table. 

e. Generation of elevation error curve table. 

Upon completing the initialization, the program "5-stops" and waits for the operator 
to manually set tne synchronizing interrupt switches to ON and INTERNAL, which starts 
the internal real-time clock. The program is restarted, and routine CLOCKN is entered to 
control the sample period oi the ptcgram. The real-time clock generates a series of inter- 
rupts at the rate of 1024 per second. Each interrupt advances the counter in routine 
CLOCKN until a predetermined value is reached; for example, a sampling rate of 20 per 
second require«; a count of :0. In addition to its counting function, CLOCKN switches back 
to the main program after eac. •m'.emipt until the counter has reached its precalculated value, 
at which time a jump is made to 'ho portion of the Executive that starts program operation. 
The Tint routine, CNTRLN, called at the word CONTRN, interrogates the Command 
Selector Control Panel. The train and elevation position and feedforward velocity commands 
are now generated by the appropriate routines. At this point, the program stops performing 
elevation calculations and works only on train until all train calculations except the partial 
controller calculations for train are completed. If Computer Skip Key 2 is set, train position 
is inputted via an encoder. If Skip Key 2 is not set, train position is buffered in through 
Keyset Central. This position informat'on is used by routine TRERKN f» determine the 
difference between actual train position and commanded train position. At this point the 
program starts to perform the functions of the train compensating network. 

A series of instructions is executed to determine the magnitude of train error and intro- 
duce error compensation so that the proper signal will be sent to train. The following series 
of actions occurs: 

a. If train error is greater than I degree, an error (lag is cleared and routine ECTABN 
is called to perform an error curve table lookup. The resultant value is saved, controller 
past history ceii > are cleared, the feedforward velocity is added to the error-competisaud 
signal, and this c ommand is sent to train by routine TROUTN. 

b. If train error is greater than 1/2 degree, but less than I degree, a test of the error 
flag is made. If the error flag is set, routine CONCON is entered to complete the controller 
calculation, the velocity is added, and this signal is sent to train by routine TROUTN. If the 
error flag is cleared, the action described und.r a. above occurs. 

c. If the train error is less than 1/2 degree, the error flag is set, routine CONCON is 
entered to complete the controller calculation, the feedforward velocity is added, and the signal 
sent to train by routine TROUTN. The preceding sequence of actions insures correct error 
compensation at all times. Large errors, greater than 1/2 degree, are compensated by the 
error curve. Once the error becomes less than 1/2 degree, the continuous small-signal 
controller makes the appropriate compensation until error increases to a value greater than 
I degree, at which time the large error compensation is again used. 

This completes all train calculations except for the partial controller calculations. Here, 
elevation calculations are resumed. The same sequence of actions as described above for 
train is now performed for elevation: position is inputted by the appropriate routine, error 

•"* 
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calculated, the correct compensation provided, feedforward velocity added, and this 
command outputted to elevation. Now the train-and-elevation small-signal controller is 
partially calculated lor the next pass, and data are sent to the recorder. 

It should be noted that after each pass in which the error curve table lookup is per- 
formed for train and/or elevation, the respective controller past-history cells ar   leared. 
This action permits the appropriate routines, for completing train and/or elevation controller 
calculations, to operate, when called, without concern for generation of transient signals 
that might occur if the cells contained outdated information. In every pass, feedforward 
velocity is added to the new control orders before they are outputted to the launcher. 
Routines TROUTN and ELOUTN send data words to D/A converters feeding amplifiers that 
drive the appropriate l-uncher torque motors. The calculation of the controller outputs for 
the next pass takes into account the present and past history of the controller inputs and 
outputs. 

3.1 Functional Allocation/Description 

The routines and tables listed in table 3-1 are utilized by the computer program. 
They are presented in tabular form to facilitate identification of the mode in which each 
is used. 
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TABLE 3-1. FUNCTIONAL ALLOCATION/DESCRIPTION 
(Continued through page SI) 

Task Description Designator CaUed 
by 

Mode used 
in 

Train and 
elevation 

Control all program 
functions 

Executive EXECTN Initial- 
ization 

Generate a simula- 
ted random noise 
Uble 

None Uble 
generator NOISEN EXECTN 

Train and 
elevation 

f 

Generate train 
error curve table 

Err-'f curve 
table gen- 
erator 

ERRORN ERSUBN Train 

i 
Generate elevation 
error curve table 

Error curve 
table gener- 
ator 

ERTBGN EXECTN Elevation 
i 

Control program 
sample period 

Sample time 
clock 

CLOCKN SAMTMN Train and 
elevation 

Input command 
selector panel 
word 

Command 
selector 
processing 

CNTRLN OONTRN Train and 
elevation 

Generate train posi- 
tion orders 

Train posi- 
tion commands 

TLNPSN TNPOSN Train j 

Generate elevation 
position orders 

Elevation 
position com- 
mands 

ELNPSN EXECTN 
Elevation 

Form train velocity Calculate 
velocity 

TRVELN EXECTN Train 

Form elevation feed- 
forward velocity 

Calculate 
velocity 

ELVELN EXECTN 
Elevation 
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TABLE 3-1. (Continued) 

1            Task Description Designator CaUed 
by 

Mode used 
in 

Input train position 
via encoder 

Input train 
position 

TRENIN |        LNIN Train 

Input train position 
through keyset central 

Input train 
position 

TKSC1N EXECTN Train 

Calculate difference 
between generated 
command and pre- 
sent position 

Calculate 
train error TRERRN EXECTN 

Train        | 

Determine control- 
ler output based on 
precalculated error 
and error curve 
table 

Error curve 
table lookup 

ECTABN ECTN Train       | 

Form controller 
output using pre- 
calculated d ita 
and new error values 

Complete 
train con- 
troller cal- 
culations 

CONCON CNCOMN Train       \ 

Output digital orders 
to train D/A 

Output to 
train 

TROUTN EXECTN Train 

Input elevation posi- 
tion via an encoder 

Input ele- 
vation posi- 
tion 

ELEN1N EXECTN Elevation 

Input elevation posi- 
tion via keyset central 

Input ele- 
vation posi- 
tion                I 

EKSCIN EXECTN Elevation 

Calculate difference 
between generated 
command and pre- 
sent position 

Calculate         j 
elevation         j 
error 

ELERRN EXECTN Elevation 1 
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3.2 Functional Description 

Paragraphs 3.2.1 through 3.2.16 describe in detail all functional routines contained 
within the ASROC digital-control-system computer program. (The tables that provide 
simulation of launcher operational environment, NTABN, TETABN, and ELETBN, 
are not included because the routines by which they are generated amply describe 
them. Since most of the train and elevation routines are identical, only those routines 
of elevation significantly different will be described separately. The arrangement of 
these paragraphs lfc!tows the order in which the general flow chart (flg. 3-1) is presented). 

3.2.1    EXECTN. EXECUTIVE ROUTINE 

EXECTN is the entrance to the Executive routine, under which all program 
functions are controlled. The Executive occupies memory locations 500-625 
and performs two functions: (1) initialization (Locations 500 through S10), 
and (2) execution (Locations 511 through 625). All routines are under Executive 
control throughout program operation and are called as needed. 

3.2.2   NOISEN. NOISE TABLE GENERATOR ROUTINE 

This routine (flg. 3-2) is called by the Executive at the time of program 
initialization to generate a series of 1000 numbers whose distribution charac- 
teristics resemble the noise data tnat might be expected under operational 
conditions. These numbers are stored in the noise table (NTABN) beginning 
at Location S177. The routine is self-contained and executed only at the 
lime of program initialization. Noise values are selected from NTABN 
and may be added to the launcher commands as a function of operations 
performed by routines TLNPSN and ELNPSN. 
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ENTEN NUN 
CLEAR 11 
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IN 

W7ACW * fll 

1 
CLEAR «1 
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A'A-niTAH 
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COMPUTE SA.I 
»•♦«1-320 
•Ano*»**nn 

CLEAR «i 
At-an 
TIUtN 

Figure 3-2. Noise table generator routin« (NOISEN), flow diagram 
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3X3   ERRORN, ERTBGN. ERROR CURVE TABLE GENERATOR ROUTINES 

These routine« (fig. 3-3) are called by the Executive at the time of program 
initialization to generate tables of weighted values stored in the error curve tables 
(TETABN, ELETBN) at Locations 3203 and 4213, respectively. The Ublcs 
are used to introduce error compensation during large signal excursions. The 
magnitude of the stored values is determined by the following equation: 

Y.-y.-x + Y ♦ a • 
where 

K/V-zl" 121727, 

iC2V-yi,.|@0.5,-70(\ 

The same errorcurve coefficients art used in both train and elevation. The 
tables start at 0.4 degree and increment in 0.1-degree steps to SO degrees. The 
values are stored with a scaling factor of 210. 

f     «rrtn       J 

srr TAtu 
AOOftCSSIO 

1      mOCGREC 

1 t 

1 f 

CALCULATf 
|           NEXT 
i          VALUE 1 

1 

V. um» >> 
NO             1 

«0 7^ 

' vc« 

(   "'   ) 

Fituft 3-3. En« curve uble genetitM loutiM (ERRORN foe »»in. 
ERTBGN for tkvjuon), (\om dtigrain. 
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124   CLOCKN, SAMPLE PERIOD CLOCK ROUTINE 

TWf routine (fig. 3-4) enables the red-time dock to reguUte the umpling 
rate of the prognro that controls the time the Executive starts the prcgran. 
Entry to CLOCKN occurs 1024 times per second (the interrupt cycle time) via 
a jump instruction stored in - *pecial interrupt cell (address 16 of the computer). 
CLOCKN processes each interrupt by decrementing a register and then switching 
back to the main program. When the register reaches zero, the predetermined 
sample period has been reached, and the register is reinitialized. Routine 
CNTRLN is enterrd, and CLOCKN relinquishes control to the Executive. 

I 
© 



This routine (flg. 3-5) receives inputs from a remote Command Selector 

Control Panel. These inputs select the driving functions to be generated. The 

word format for selecting these functions is as follows: 

When a code is selected and an input-data request button is pressed on 
the command control panel, the computer progiam buffers in the digital 
data and separates them into train, elevation, and noise words. The new train 
and elevation words are compared with the old train and elevation words, 

respectively. A difference in the words signifies a change in the driving 
functions; the program then initializes routines TLNPSN and ELNPSN by 
clearing the respective driving function storage cells. The noise word is saved 
for use by routines TLNPSN and ELNPSN to determine if noise is to be 

added to the driving function. Exit from this routine returns control to the 
Executive. 

£2.6   TLNPSN. ELNPSN, LAUNCHER POSITION COMMAND ROUTINES 

TLNPSN (fig. 3-6) and ELNPSN (flg. 3-7> generate the selected train and 
elevation driving functions and, if specifiK). add the random noise component 
to these driving functions. TLNPSN starts by storing the existing driving func- 
tion. The noise bit is removed, and the new driving function select code is 
examined for legality. If the new code is illegal, a zero position command is 
generated. If the code is legal, TLNPSN generates appropriate driving functions 
by utilizing steps, ramps, and sine wuves (fig 3-6). After function generation, 
noise is added, if required, by calling in the proper values from NTABN. Upon 
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completion of TLNPSN, ELNPSN, is entered to generate elevatl^. position 
commands. The only difference between TLNPSN and ELNPSN is that 
TLNPSN can generate one more ramp function than ELNPSN, and ELNPSN 
offsets the sine waves from zero since the elevation mode only depresses about 
1 or 2 degrees. Upon completion, ELNPSN exits to the executive. 
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£2.7    TRVELN, ELVELN. CALCULATE VELOCITY ORDER ROUTINES 

These routines (fig. 3-8) are used to calculate the feedforward velocity 
components of the digital signals outputted to train and elevation. The velocity 
order is generated by solving the following equation: 

K, - (/?, - A,., )/=■ X 0.109375 where 

A, represents the present commanded position, 

RH m, represents the past commanded position, 

F is the sampling rate, and 

0.109375 is a constant that is approximately the 
reciprocal of the train plant gain. 

The calculated velocity is filtered through use of the following equation: 

TRVELN firs! calculates f,, then filters it, and finally multiples Vm by 
the feedforward gain factor. The routine now checks the command function 
select code to determine what kind of position order has been command .d. If a 
step or square wave has been ordered, TRVELN will zero in the velocity before 
returning to the Executive. If a command other than a step or square wave has 
been ordered, TRVELN returns to the Executive normally. Phis check is made 
and velocity zeroed to eliminate large transients that might occur because of 
step inputs. After TRVELN is executed, the Executive e.iten ELVELN to 
calculate the feedforward velocity to be used in elevation. The only difference 
between ELVELN and TRVELN is the constant used; ELVELN uses a 
constant of 0.144531, which is approximately the reciprocal of the elevation 
plant gain. 
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3JL8   TRENIN. ELENIN. INPUT LAUNCHER POSITION VIA ENCODER 

ROUTINES 

These routines (fig. 3-9) input the Launcher Position via DATEX, IS-bit, 
shaft-to-digital encoders on Computer Channel 6. Each routine (TRENIN and 
ELENIN) first selects the encoder designated for train and elevation through 
use of the external function command on Channel 6 and the appropriate 
external function code. Position is then buffered in, scaled, and stored for 
later use in the previously specified storage location. Control is now returned 

to the Executive. 
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aU   TKSON. TRAIN POSITION IN THROUGH KEYSET CENTRAL ROUTINE 

Tim routine (flg. 3-10) inputs train position through KSC in ■ dual-channel 
operation using Computer Channels 4 and S. TKSC1N first stores an interrupt 
instraction in Cell 112, then requests control of KSC and waits for an interrupt 
from KSC The KSC interrupts are coded to signal the completion of operation 
or allow for error examination. Code "I" signals the successful completion of 
the tcquest control operation; Code "2" signals the successful completion of 
an mput operation, and any other code äfauls, that an error in the operation 
has occurred. Each ante a KSC interrupt occurs, the instruction in Cell 112 
jumps to the place in routine TKSCIN where tbt interrupt lookout is released 
and Ike interrupt code is analyzed. If the interrupt code is u I," train position 
is buffered in a wait occurs, and a return is made to release the interrupt lockout 
and aaalyze the code. On this pass Uie interrupt code will not be MI" (since 
the poätion has been buffered ir), but will be a "2," so the position is scaled 
and ttared, and exit is made to the Executive. If the interrupt code is not "l* 
or "2? the program is stopper to permit examination of the KSC error. 

12.10 EKSCm. ELEVATION POSITION IN THROUGH KSC ROUTINE 

This routine (flg. 3-11) inputs elevation position through KSC. Essentially 
the program is the same as TKSCIN except that it does not request control 
fro« KSC. This was granted during the execution of TKSCIN and therefore it 
does not check for intemipt code "I." After the interrupt instruction is 
stand in Cell 112. the position is buffered in. the interrupt lockout released, 
the interrupt rr,M is analyzed, and the position is scaled and stored if the 
buffeied p-.. *» was competed properly. Exit is then made to the 
EMcntive. 
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3L2.11 TRERRN. ELERRN. CALCULATE LOOT ERROR ROUTINES 

Thete rautinet (fig. 3-12) ate entered to calculate the diffetence between 

the present Launcher Potition and the commanded Launcher Position. The 
Launcher Position is subtracted from the driving function and stored for later 

use. A ref urn is made to the Executive after error calculation. 

3.2.12 ECTABN. ELERLN. ERROR CURVE TABLE LOOKUP ROUTINES 

These routines (fig. 3-13) make use of the error curve tables TETABN and 
ELETBN. which were created at the lime of program initultzation. If the 

Executive determines that the initial loop error is greater than I degree, these 
routines are called to make the table lookup and approprute error compensation. 
Exit is then made to the Executive. As long as loop error remains lets than 1/2 

degree, the program bypasses the error-curve lookup routines and toes to routines 
CONCON and COMCON, respectively. Error flags can be set such that routines 
ECTABN and ELERLN arc called to make the error compensation when loop 
error exceeds 1/2 degree at any time during program operation. 





U     - 
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When the Executive determines that train and elevation loop error is less 
than 1/2 degree, these routines (flg. 3-14) are entered to complete calculations 
of the control order (less feedforward velocity). Routines CONCON and 
OOMCON are used only when conditions are such that the error-curve table 
lookup routines are not called. CONCON and COMCON scale the error, 
store position error history, multiply by the a^ coefficient, add it to previously 
calculated position data from TRPDZN and ELPDZN, store the new controller 
output, and exit to the Executive. 

3.2.14 TROUTN, ELOUTN. OUTPUT TO LAUNCHER ROUTINES 

These routines (flg. 3-1S) output the commands to train and elevation. 
The routines scale all inputs to system scale (40 deg/sec = 8 V): check for an 
overflow and make corrections as required; select the correct D/A converter; 
buffer the commands to the selected D/A; and exit to the Executive. 

3.2.15 TRPDZN, ELPDZN. CALCULATE PARTiAL CONTROL FUNCTION FOR 
NEXT PASS ROUTINES 

These routines (flg. 3-16) use stored train and elevation history and co- 
efficients to form the partial control function calculation for the next pass. 
The outputs of these routines form part of the inputs to CONCON and COM- 
CON and are used by CONCON ard COMCON in their calculation of the 
controller's outputs. Upon completion, these routines return to the Executive. 
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3JL16 DATRDN. DATA TO BRUSH RECORDER ROUTINE 

DATRDN (tig. 3-17) is used to output data to the Brush Recorder. 
The data are buffered to the recorder via D/A converters 1,4, S, and 6. Four 
parameters are recorded: twin and elevation driving function (TR(z) and 
ER(z)) and train and elevation position error (TE(z) and EE(z)). The driving 
functions are scaled so that 10 degrees equal I volt out of the D/A converter, 
and the erron are scaled so that 1 degree equals 1 volt The sequence is identical 
for each of the four parameters, as follows: the value is scaled as above and 
checked for overflow, making corrections as required; the proper D/A converter 
selected, and the scaled value buffered out to the recorder. At the end of 
this routine, return is made to the Executive, which waits for the next 
interrupt and sample time to reinitiate the sequence of routines. 
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3.3 Storage Allocation 

This program occupies memory locations 500 through 3204 octal, a total of 
1348 (decimal) cells, allocated as shown in table 3-2 (see par. S.3. Part 3, Program 
Listing). Table 3-2 also lists the storage locations for the three tables. 

TABLE 3-2. STORAGE ALLOCATION 

LOCATION j                   CONTENT              ! 

50061S EXECTN 

615-625 EXECTNdaacells 

626-1065 NOISEN 

1066-1107 NOISEN data cells 

III0-II3? ERRORN 

1133-1141 ER RORN data cells 

1142-1164 ERTBCN 

1165-1170 ERTBCNdaacells 

1171-1177 CLOCKN 

1200-1201 CLOCKN data cells 

{                       12011240 CNTRLN                | 

|                       1241-1247 CNTRLN da a cells 

{                      1250-1643 TLNPSN 

1                        1644-1700 TLNPSN data cells 

1701-2234 ELNPSN 

!                      2235-2270 ELNPSN data cells 

2271-2312 TRVELN                 ! 

2313-2317 TRVELN da a cells 

2320-2342 ELVELN 

2343-2347 ELVELN data cells 
2350-2367 TREN1N 

2370-2372 TRbNIN data cells 

[                      2373-2432 TKSCIN 

1                        2433-2444 TKSCIN data cells    | 
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TABU 3-2. (Continued) 

LOCATION CONTENT 

1                     2445-2452 TRERRN 

2453-2455 TRERRN data cells 

2456-2507 ECTABN                 j 

1                     :5IO-25I3 ECTABN data cells 

!                     2514-2527 OGNCON 

I                     2530-2531 CONCON data cells 

2532-2551 TROUTN 

2552-2554 TROUTN data cells 

2555-2574 ELEN1N 

2575-2600 ELEN1N data cells 

2601-2631 EKSC1N 

2632-2634 EKSC1N data cells 

2635-2642 ELERRN 

i                      2643-2644 ELERRN data cells 

!                      2645-2676 ELERLN 

2677-2701 ELERLN data cells 

2702-2715 OOMCON 

2716-2716 COMCON dau cells 

2717-2736 ELOUTN 

2737-2740 ELOUTN data cells 

|                      2741-2774 TRPDZN 

2775-3007 TRPDZN data cells 

3010-3043 ELPDZN 

3044-3056 ELPDZN data cells 

3057-3150 DATRDN                 | 

3151-3163 DATRDN data cells 

3164-3202 ATSTN                    j 

3202-3204 ATSTN data cells 

3205-4214 TETABN                  j 

1                    4215-5200 ELETBN 

1                      5201-7210 NTABN                    1 
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in alphabetical order. Each item is identified by the routine in which it it used 
and is further classified by a code Letter, "T" for static items (those that do not change 
during program operation) or "D" for dynamic items (those that may change durin« 
program operation). Items that must be preset prior to program operation are 
identified by an asterisk (•) in the INIT. COND. column. As a further cross index to 
the printed output listing of table 3-5, Part 3, storage location is shown in the last 
column of the table. 

TABLE 3-3. ALPHABETICAL ITEM INDEX 

ITEM ROUTINE CLASS INIT. 
CONT 

LOC. ITEM ROUTINE CLASS INIT. 
CONT. 

LOC. 

ACOEFN 1  TRPDZN T 1             • 2777 i CMECON LXtCTN T 60S 

ADDN i  TLNPSN T 1620 CMELCN CNTRLN T 232 

ADDVLN EXECTN T SS2 < CNC0MN EXECTN T SSI 

AFLCN ATSTN D 3206 CNTRLN ROUTINE T 202 

A1RF.FN DATRDN T 3163 COFTN TRENIN D 2373 

AIRN TRERRN D 2455 COMCON ROUTINE T 2704 

A1RIN TRERRN D 2454 CONCON ROUTINE T 2516 

AKON ATSTN ■ T 3205 CONTRN EXECTN T SIS 

AKIN DATRDN T 3153 CONWDN CNTRLN D 247 

AK2N DATRDN T 3154 A CYCLEN TLNPSN T 353 

ALOOPN ERRORN T 1117 P CYCLIN TLNPSN T 416 

AOUTN DATRDN D 3155 CYCL2N TLNPSN T 456 

ATSTN ROUTINE T 3166 CYCUN TLNPSN T 513 

AZERON ERRORN T 1140 CYCUN TLNPSN T 537    1 

BCOEFN TRPDZN T • 3002 CYCLSN TLNPSN T 557 

BECON TREN1N T 2374 acuN TLNPSN T 603    | 

BOUTN TROUTN D 2554 DATRDN ROUTINE T 3061 

BUFERN TKSCN T 2414 DEDCSN ELNPSN T 732    1 
CENDN CNTRLN T       1 1240 DECSPN TLNPSN T MZ    j 

CLERPN FtNPSN T 2137 DELTAN TLNPSN D 652 

CLOCKN ROUTINE    1 T 1171 DELTEN ELNPSN D 2245 

CLRPN I'J^PSN      \ T      1 1526 | DISPLN  1 EXECTN T 0614    \ 

*lttmt marked by an ostfrisk must bt prtstt prior to program operation. 

S4 



r »■.»»- ■ 

TABU 3-3. (Cootinued) 

ITEM ROUHNE CLASS 

1— 
INIT. 

CONT. 
LOC. ITEM ROimNE 

" 

CLASS INIT. 
CONT 

LOC 

DWNRN TLNPSN T 137$ EEWN EKSCCN T 2623 

DWNRIN TLNPSN T 1440 EEHISN ELPOZN D 3053 

DWNR2N TU«N T 1500 EFDCRN ELNPSN 1770 

D1SN TLNPSN T 1656 | EFDGSN ELNPSN T 1735 

D20N TU«N T 1657 I EFINSN ELNPSN 2231 

D30N TLNPSN T 1660 | EFLACN ELVELN 2347 

D4SN TLNPSN T 1661 j EFRDSN ELNPSN 1740 

D60N TINPSN T 1662 | ECNRPN EINPSN 2006 

D75N TLNPSN T 1663 EHISTN ELPOZN 3056 

D90N TLNPSN T 1664 EKN ERTBCN 1I6< 

D160N TLNPSN T 1665 EKONEN ELNPSN • 2246 

EACOFH ELPMN T • 3046 EKSC1N ROUTINE 2603 

EADDN ELNPSN T 2212 EKIN ERTBCN 1166 

EADVLN EXECTN T 606 EK2N ERTBCN 1167 

EA1RN EURRN D 2645 | ELCFCN EXECTN 624 

EA1R1N ELERRN D 2646 EUCTN ERTBCN 1170 

EAREFN DATRDN T 3165 ELECTN EXECTN 571 

EBCOFN ELPOZN T • 3051 ELEFIN ELENIN 2577 

EBOUTN ELOUTN D 2741 1 EUFN ELOUTN 2742 

ECNWDN CNTRLN D 1241 1 ELENIN ROUTINE 2557 

ECOFTN ELENIN D 2602     ELERIN ROUTINE 2647 

ECTABN ROUTINE 2460     EURRN ROUTINE 2637 

ECITJ EXECTN S35     ELESIN EXECTN 603 

ECYCLN ELNPSN 2003     ELETBN TABLE • 4175 

ECYCIN ELNPSN 2045     ELNPSN ROUTINE 1701 

ECYC2N EINPSN 2103     ELOOPN ERTBCN 1151 

EC.'ON ELNPSN 2124 ELOUTN ROUTINE 2721 

ECYCSN ELNPSN 2147 ElfMN ROUTINE 3012 

BCYC6N ELNPSN 2174 ELPOSN EUNIN D 600 

EDWNRN ELNPSN 2025 ELVELN ROUTINE T 2322 

EOWRIN ELNPSN 2070 J EMOFZNI ELERLN D 1 2703    1 

IS 

fr... - 
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TABLE 3-3. (Continued) 

I    ITEM ROUTINE CLASS INIT. 
CONT. 

LOC. ITEM ROUTINE CLASS INIT. 
CONT. 

LOC. 

EMZVLN EXECTN D 625 | ES1ZEN IELVELN T i350 

ENCOUN E1>!PSN D 2231 ESPRPN ELNPSN T 3074    1 

ENDIN TKSCIN T 2424 ESQWCN ELNPSN D 2242 

ENOSTN ELNPSN 1 2226 ESQWIN ELNPSN D 2240 

ENSVLN ELNPSN 2222 ESQWN ELNPSN D •'^ 
ENIVAN TLNPSN 1926 ESTUN COMCON 2720 

ENTVEN ELNPSN I7S6 ESmiN ELNPSN 1753    | 

ENVALN ELNPSN D 222S | ESTRN ELNPSN 1765    | 

ENWDCN EKSCIN 263S | ESWJPN EXECTN 576   | 

EOSWN ELNPSN »"•IJ 1 ETESTN ELERLN 2701    1 

EPSZRN ELNPSN 17 W | ETMEN ELVELN 2331 

ERAMPN ELNPSN 2031 ETMrRPN ELNPSN 2033 

EREFN DATRDN 3164 FVELCN ELVELN 2351 

ERENTN COMCON 2616 EVELN ELNPSN 2017 

EROFTN ELNPSN 2236 EVTMPN ELVELN 2345   | 

ERPISN FKSCIN 2634 | EXECTN ROUTINE MO 

ERRORN ROUTINE 1110 1 EXEN ELNPSN 1764 

ERSUBN EXECTN 507  1 EXN TLNPSN 1334   | 

ERTBCN ROUTINE 1142     FDCSPN TLNPSN 1305   | 

ESAWN ELNPSN 2IIS 1 FDSRFN TLNPSN 1340 

ESOCSN ELNPSN 1743 FI.NSHN TLNPSN T 1637 

ESETN ELNPSN 2^2 FRDSPN TINPSN 1310 

ESINEN ELNPSN 2141 CENRPN TLNPSN 1356 

ESINZN ELNPSN 2255 CENRIN ELNPSN 2051 

ESIN1N ELNPSN D 2247 CENR2N ELNPSN 2106 

ES1N2N ELNPSN D 2250 CENPJN M.NPSN 2127 

ESIN3N ELNPSN D 2252 CNRPIN TLNPSN     | 1421 

ESIN4N ELNPSN D       ! 2lf<6 GNRP2N TLNPSN     | 1461    | 

ESINSN ELNPSN     | D 2:56 CNWJN TLNPSN     | 1516 

ESIN6N ELNPSN D 2261 CNRI>4N 1 TLNPSN     1 1542    j 
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TABLE 3-3. (Continued) 

i'^*! 

•> ..1 

i   ITEM ROUTINE ClASS INIT. 
CONT. 

LOC ITEM ROUTINE CLASS INIT. 
CONT. 

LOcl 

N1SN ELNPSN T 226$ STEPUN TLNPSN T ,1323 

N20N ELNPSN T 2266 STUN CONCON T 2532 

N30N ELNPSN T 2267 SVSRPN TINPSN T 1444 

N4SN ELNPSN T 2270 SWJPN EXECTN T $42 

N60N ELNPSN T 2277 TCNWDN CNTRLN D 1243 

PKN TROUTN T 2555 TEFN TROUTN T 2$$4 

POSWN TLNPSN T 1262 TEHISN TRPDZN O 3004 

rOSZRN TLNPSN T 1300 TEMPN ERRORN D 1136 

P180N TKSCIN T 244$ TEN ECTABN T 2512 

P360N TKSCIN T 2446 TESTN ECTABN D 2514 

REENTN TKSCIN T 240$ j TETABN TABLE T • 3210 

KEFN DATRDN T 3162 THISTN TRPDZN D 3007 

REQCON TKSCIN T 2436 TIMEN CLOCKN T 1201 

KESTRN TLNPSN T 133$ TIMERN CLOCKN D 1200 

ROFTN TLNPSN D 1644 TKSCIN ROUTINE T 237$ 

ROFTIN TLNPSN D 164$ TLNPSN ROUTNE T 1250 

WMf'^ EXECTN T $12 TNPOSN EXECTN T $16 

\mm TLNPSN D ISO« TRENIN ROUTINE T 23$2 

[SETN TLNPSN T 1640 TRERRN ROUTNE T 2447 

S1NEN TLNPSN T $$i ! TROUTN ROUTNE T 2$34 

StJEJN tl.N»SN D 1654 TRPDZN ROUTNE T 2743 

SmE2N TIJiPSN D 6$$ ' [TRVELN ROUTNE T 2272 
1 

SIKE4N tüt-NPSN D $7$ TSINEN TLNPSN D 1672 

\smm ILNPSN T 671 TS1N4N TLNPSN D 167$ 

Ism^ii TLNPSN D 700 TWON TKSCIN T 2444   | 

law.* r<jjpsN T $30 TWSRPN TLNPSN T 1403 

fJ-UGH 1 JffSN D 647 VARCON EXECTN T • 620 

STKUN ■rij^N D 650 VARNUN EXECTN T 621 

W*.'iW Tlf-PSN 0 651 VARTMN EXECTN T $02 

\amu t).NPSN D 1646 VELOCN TRVELN D 2321 

SQ*N VWPSN D 1316 VFUGN TRVELN D 2317   1 
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4.0 QUALITY ASSURANCE 

Since the computer program described was designed for feasibility demonstration only 
and not for operational environment, no formal quality assurance procedures beyond those 
required to effectively implement the program were taken. Prior to the tests described in 
Parts S and 6, the control function portions of the program were rigorously tested at NELC. 
Control functions were tested by digital simulation of launcher functions; control equations 
were tested in a hybrid simulation using the EAITR-48 analog computer and the UN!VAC 
CP 789 digital computer, and the results in all cases indicated the validity of the respective 
equations and program sequences. 

No capability for simulating launcher input and output interfaces existed at NELC, 
and therefore complete program tests could not be run prior to the feasibility demonstrations 
that were held at NWTCP during the period 10 July - 28 August 1968. These tests con- 
clusively demonstrated the validity of the program and the feasibility of launcher control 
by digital techniques. Comprehensive documentation of the tests will be found in Parts 
Sand 6. 

5.0  SUPPLEMENTARY STRUCTURAL DETAILS 

5.1 General 

The information contained in this section is presented to assist in understanding the 
computer program structure. Since the program was not designed for an operational 
environment, many functions contained within it will not be needed in order to achieve 
operational launcher control by digital techniques. 

The Appendix contains a suggested format for an operational control program. 
The approach to the design and implementation of the program is predicated upon 
demonstrating the feasibility of digital control; therefore many variables are included 
to insure that all predictable operational functions can be thoroughly checked. No 
extensive effort has been made to optimize the program. The program, involving com- 
plete closed-loop digital control, represents a complex programming effort. The com- 
puter performs the functions of launcher order generation, error determination, and 
nonlinear and linear compensation. Table 3-4 shows a comparison between conventional 
analog fire-control symbols and the digital equivalents used in the program. 
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TABLE 3-4. SYMBOLOGY 

Analog 
Symbol 

Digital 
Equivalent Definition 

ladt1 COFTN Launcher train position 

Edt1 ECOFTN Launcher elevation position 

Bdgl' ROFTN Train    ütion order 

Edt\' EROFTN Elevation position order 

DBdg' •VELOCN Train velocity order 

DEdg •EVELCN Elevation velocity order 

•fHwerf mtd multiplkd by a gait eoiatmi. 

5.2 Philosophy 

Program operation is as close an approach to launcher digital control as can be 
achieved in a nonoperational or test environment. All functions of launcher control are 
performed by the digital computer. The control signal is converted to an analog output 
and fed to an amplifier that feeds the launcher torque motor. The feedback path to the 
computer can take one of two paths: (I) through a digital data converter that converts 
coarse and fine synchro signals to digital quantities, and (2) through a 15-bit Brush 
encoder that converts the launcher shaft portion directly to digital data. This feedback 
information is used by the computer in error determination. The two feedback paths 
were provided for failure back-up and to demonstrate the feasibility of using shaft-to- 
digital encoders in such a situation. 

The total computer program comprises 25 routines and was designed and imple- 
mented, as previously stated, to demonstrate feasibility, but it is readily adaptable to modi- 
fication for use in an operational environment. Storage allocation can be drastically 
reduced since only the error-curve tables would be requireJ for reference. The routines 
used in the operatonal program can be optimized, and since only a single sampling rate 
would be used, those routines affected by sampling rate would be ome shorter and less 
complex. 
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5.3 Program Listing 

This Section contains a printed output listing (table 3-5) of the current computer 

program. The listing contains all instructions and, with the material contained in the 

foregoing Sections of Part 3, constitutes a complete computer program design. 



X 

TABLE 3-5. PROGRAM LISTING 

inEM..STRG. Ui'tfc 2512 
0050Ü THRU     032116 
00321 THRU     k3032l 
04175 
05162 

THRU     (Ml 75 
THRU     05162 

;fl 0   a 

00500 

QfROG' ASWWC'tWRlTTVNlNlSbgBYR.HBWLlN) 

12 0616 1 DEXECTN CENTAL'iNTCKNOSYNC   INTERRUPT  INSTR 
00501 44 0016 2 D aSTRAL'^ 

m 00502 10 0621 3 CWARTMN □ENTAU'VAHNUMGCALCULATES SAMPLES/SEC                         ! 
00503 50 4322 4 D □RSHA'18U 
00504 26 1201 5 a □DlVA'TlMtM 
00505 44 0620 6 a OSTRAL'VAHCP»» 

9 00506 76 0626 7 D ORjr-'Nk/iStN 
« 00507 76 1110 10 OEKSUBt r^JP'EKRWWNDTHAIH  EKRßR TA3LE. GEKERATZR 

00510 76 1142 II 0 oRjP'tWTdUHrtLEV  ERR TAB CiFB 
00511 50 5S40 12 a OSTfcP'                                                                                            ! 
00512 76 1171 13 QSAMTMN ORJP'CLWCKMnSAMPLE  TIME SUSRWTIKE 

1 # 00513 50 2400 14 TOAITSN WTFl'UWUlT  FLR SYNC  INTERRUPT 
00514 34 0513 15 a □jp'WAiVi;!» 
00515 
0^516 

76 1202 16 QC0NTRN aRJP'CNTHLNCTCKNTRfcL  PANE'. SUaRfcUTINF 
76 1250 17 aiNPWSU GRJP'TLNPSNaTRAIN   POSITION "KinMAHrS 

00517 76 1701 20 a üRJP'ELNPSNatLEV   PluS CBMlANL'S 

00520 76 2272 21 0 DRJP'TRVELNCÄALCULATE TRAIN VELKCITY 

R 00521 76 2322 22 D taRJP'tLVELNnCALCULATE ELLV VELZCITY 

H 00522 50 5004 23 a OSKPM 

Q 00523 34 0526 24 a CjP,L0Ki-3 
M 00524 76 2352 25 nLNIf! aRJP'TKENINDlNPUT  TRAIN  P0S VIA ENCBPER 
H 00525 34 0527 26 D DJP'L^KV^ 
Is 00526 76 2375 27 u DRJP'TKSCiNDlNPUT  TRAIN  P0S VIA KSC 

H 00527 76 2447 30 0 DRJP'THtHHNnCALCULATE TRAIN ERR6R 

bj 03530 10 2455 31 0 OENTftU'AlHN 
■ 01^531 50 4412 32 a aEF'ian 
r. 00532 12 0017 33 a GENTAL'17 

L 00533 61 0542 34 a OJPALZ'SV'JPN                                                                             1 
1 00534 40 0C17 35 a acL'l-.UDJPN 

00535 76 2460 56 OECTN QRJP'ECTAiMaTRAlN  ERP^R TABLE LBeKUP 
00536 36 0005 37 a QCLtAK'G'TFrilSN 

1 

L 

1 * 
£0537 41 3004 

i 
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TABLE 3-S. (Continued) B 

1                                                                      • 

I                                      ßßääU 13   5162 155    DV3M         CENTMLB'NTABN 1 I                          as^i 14   1103 156    D               DADPAL'NSN i 
I                                      00662 44   1103 157    U               DSTHAL'NSN ^H 
1                                      00663 13   5162 160    C               OENTALdTlTABN H 
I                                      00664 5.4  4606 161     □               CLSHAL't. ^H 
t                                      0066t> 16   1103 162    a               OS'jaAL'NsM ^H 
1                                      00666 16   1103 163     a               OSUBAL'MSN ^B 
1                                      00667 16   1103 164     G                QSl'dAL'NSN B 
1                                        U067U 14   1104 165    ü               DAri>AL,NAN B 
1                                      00671 44   1104 166    0               OSTHAL'NAN i 
1                                      00672 13   5162 167    □               OEMALB'NTAVi ^H 
|                                      20673 5k;  4605 170    a               CLSHML'S H 
i                                      00674 16   1103 171     D               OSUBAL'NSN 1 
1                                      00675 16  1103 172    D               CtUBAL'^ ^B 
I                                      00676 14   1105 173     D               CAPHAL'NBrJ B 
1                                      00677 44   1105 174    □               QSTKAL'NBN B 
1                                      00700 56   1075 175    0               DBSK'NKSN B 
1                                      30701 34  0660 176    0               CJP,M3N H 
1                                      00702 37  Ü001 177    C               nENTBKü'I ^B 
1                                      0O7k,3 12   5162 201,    n               CEMTAL'MABN 

• 
^H 

1                                      00704 50  46165 201     D               CLSHRLM ^H 
1                                      007.45 44   1102 202    D               OSTHAL'MMN JJ 
1                                     0P7ü6 14   1104 2 »3    ü               aALTAL'NAN H I                                      0e7,i7 

44   1104 2a4    a             QSTKAL'W H 
1                                      00710 12   1102 ?05    a               CEflYAL'NNN H 
1                                      Cr'7tl it)   4203 206    a             nksHAL^ H 
1                                      00712 44   1105 207    c             cSTHALVi«) ^H 
|                                      00713 13   5162 2H3    nN4«         OEMYALB'NTAM ^H 
1                                      00714 17   5122 211     ü               CSUBAL:i,NTA3N,-4^ ^E 
1                                      0K715 14   1103 212    C               CALT.AL'NSN 1 
1                                      :W716 44   1103 213    c               CSTK'AL'Nifi HH 
i                                      00717 13   5162 214    Q               CENTAL B'NTrtriN 1 
I                                      1JO720 15   5162 215    n               QAL'rpLJVlTABN B 
1                                      0H721 15   5123 216    0               nArrAL'J,r,TA3N-37 ^B 
1                                      f 1.722 50   4603 217    C               CLSHAL'? II 
1                                      00723 16   1103 220    D               nSUHAL'Nt'N ^H 
•                                      00724 16   lUi 221     ü               CSUiJAL'NSn ^B 
I                                      (0725 16   1103 222    □               OSUaAL'N^f.' ^H 
1                                      00726 14   1104 223    C               CALI'AL'^A»' ^H 
1                                      00727 44   1104 221    0               'JSTHPL'VA"! 

• 
1 
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TABLE 3-5. (Continued) 

CE7S0 
;W75l 
«.732 
cr.73J 
U'.754 
Sli75i 
k>f.75<; 
^.737 

0CT4Ü 
0K741 
W742 
IH)745 
ii0744 
041745 
Ü074-Ö 
C0747 

15 

16 
16 
14 
44 
12 

5162 
5123 
46k:5 
IICS 
1U'3 
1105 
111:5 
llt«4 

225 
226 
227 
23 Id 
231 
232 
233 D 
234 0 

CENTALäViTA3H 
aAÜDALB'NTAaS-37 

CSUiAL'MSN 
aSUäPL'KSN 
OAPDAL'NSN 
DSTHAL'NäN 
CtNYAL'NAV 

5i- 
14 
5U 
45 
56 
34 
41; 
70 

42D 4 
IIC5 
42Ü7 
5122 
11472 
Ü713 

OifClfS 

235 
236 
237 
2 A13 
241 
242 
243 
244 

C 
o 
a 
a 
□ 
a 
CN4AN 
o 

l)375ü U 
ÜR751 5Ü 
C0752 26 
ÜB755 44 
Cti754 5ki 
00755 61 
0K756 5M 
00757 61 

00761; 
00761 
00762 
C0763 
0^764 
0B765 
0t766 
00767 

lk;74 
43)21 
I2ei 
11566 
4213 
U34 
4201 
1013 



TABLE 3-5. (Continued) 

aizm 
010101 
01002 
01003 
01004 
C1003 
01006 
01007 

01010 
01011 
01012 
01013 
01014 
01015 
01816 
0IIM7 

01020 
Pl*2l 
01022 
01023 
üi{!24 
01(925 
01026 
01027 

45 
14 
45 
14 
45 
14 
45 
32 

56 
34 
34 
13 
44 
17 
50 
50 

5163 
11^4 
5164 
1104 
5165 
1104 
5166 
H05 

1075 
0760 
1034 
6146 
1103 
6147 
4201 
6100 

275 O 
276 a 
277 a 
300 a 
301 a 
302 C 
303 O 
304 □ 

44 
42 
12 
5e 
44 
12 
45 
14 

1104 
1105 
1105 
4601 
0001 
11193 
5162 
1104 

305 
306 
307 
310 
311 
312 
313 
314 

315 
316 
317 
320 
321 
322 
323 
324 

o 
o 
D 
ON6N 
a 
a 
□ 
□ 

o 
a 
D 
a 
o 
a 
a 
□ 

□SmLB'NTABN+l 
GADDAL'NAN 
C35TRALB,NTABM+2 
OADDAL'NAN 
CSmLB'NTABN+3 
OtOUAL'NAN 
OSrRALB,NTABN+4 
CENTB'NBN 

03SK*Nk7N 
aJP,N5N 
DJP'MTN 
DENT ALB* NTABN-I-500D 
OSTRAL'NSN 
DSUBALb,f»TA3N+50lD 
ORSHAL* 1 
CtRAL' 

01030 45  5163 325 
01051 32  1105 52& 
01032 56   1076 327 
ailJ53 34   1013 "" 
0|il34 40 Ü02I ito 
0|K35 40 7133 332 
C1B56 40  7134 333 
CI037 40   1103 334 

01040 
01041 
011042 
01043 
01044 
011)45 
01lt46 
01047 



TABLE 3-5. (Continued) 

aiow 57 1077 345 D OISK'NKVN 
IMfcSI 34 11(153 346 Q OJP'NSN 
0IM52 34 l!«56 547 Q OJP'fJIlN 
PIli53 56 lit:» 55P CN9M OBSK'NKAN 
01K54 34 11)411 551 a CJJP'MBN 
hi «55 55 0626 552 □ OlJP'NtlStN 
DI 05G 12 IIU3 555 ONI IM CF.HTAL'NSN 
Uie!>7 51! 42B7 554 0 ORSHALM 

(Mb6Ü 14 7134 555 u OADnAL,NTA3N-f| 
Uli; til 44 7134 556 0 OBTKAL'NTAilN + l 
Ul 062 40 1IÜ3 557 D CCL'NSN 
MC63 7ü BI77 56f 0 aENTALK'l27r 
01064 44 1077 561 a OSTHAL'NK«« 
01065 34 1053 562 0 CJJP'NSN 
01066 DU oouo 565 DNKN 00' 
01067 17 5651 564 □NKItl 0175651* 

01070 

■     ■ 

25 0455 565 OHKZH 0250455* 
01071 M 0015 566 CNK5M DIS' 
01072 ÜÜ 2^10 567 ONK4N 02010* 

• 
01075 Ü0 0057 370 □NK5M 057' 
C1074 OJ OOUI 571 □NK6N Ol' 
0IBT5 BID 0507 572 aNK7N a 1SSD' 

» 

01076 130 0765 573 ONK8M 04^* 
01077 00 0177 374 ONX9N 01271)? 

01100 UO 1750 575 ONKAN OlOOOD* 
01101 ÜÜ 01)00 57G QMRN 00' 1 

01102 00 ouoo 577 □NNN DO« 
01105 (CO 0000 400 ONSN oo* 
01104 00 0(900 401 CNAN OO' 
01105 00 MOO 402 ONBN 00' 
01106 37 7777 403 DNCN 0577777* 
01107 00 0M5 404 ONDN 05* 

OHIO 00 OldOO 405 dERRORN OO'DTHAIN ERROR CURVE TABLE GENERATOR 

01111 10 1140 406 a DE»ITAU*AZ:EReNnCLEARS AU   REG 
01112 12 1155 407 O CFNTAL*K2,J 
01115 44 0325 410 a aSTKAL*VtTAQN+4 
01114 44 1156 411 a OSTHAL*TtMPN 
01115 50 7201 412 n CCNTICK*I 
01116 36 01)05 415 o CtNTBK*5aSTARTS  STORING  AT  k TEGREE 
01117 12 1136 414 CALOm DENTAL'TtnPNDSTART   CALCULATING VALUE 

• 
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TABLE J.5. (Continued) 

01I2U 14 1134 M5 a CMM<AL*KIN 
01121 44 1137 416 a CJSTKAfTEMPN-H 
01122 12 1133 417 a CtNTAL'KN 
01125 26 1137 420 a □PIVA'TEHPN-M 
1)1124 14 1136 421 a CAri'AL'lErPN 
0112» 44 1136 422 □ OSTHAL'TErPN 
01126 45 0321 423 o CSTHALÜ'TETAiNcSTeRES VALUE IK  TA51 
01127 1(1 1140 424 a CCNI'AU'AZERIN 

01 ISC 56 1141 425 a OiSK'LCTNCrtßUT 
01131 34 1117 426 □ OjP'AL0bPNCNk)T F1KISHEP 
01132 55 me 427 □ nlJP'LKHfcRNQtXIT 
01133 12 1727 430 QKN 0121727* 
01134 HO 1027 431 OK1N 01027' 
01135 0b 0700 432 CK2N 0700* 
0113« 00 0000 433 OIEMPN 00' 
01137 UÜ 0000 434 a OK« 

01140 00 0000 435 QAZERCN 00* 
01141 m 0764 436 OLCTM 05001'* 
01142 00 0000 437 CERT3GrJ O0,UELtV ERRtR CURVE TAB CENERATCR 
01143 10 1140 440 O □ENTAU'AZERtN 
01144 12 1167 441 a DENTAL,IK2N 
01145 44 4201 442 a nSTRAL,ELETäN+4 
01146 44 1136 443 a OSTRAL'TEplPN 
01147 5e 7201 444 a CEHTICK'l 

01150 36 0005 445 a DENTHK'S 
01151 12 1136 446 CKL00PN CENTAL'TLNPK 
01152 14 1166 447 a QAPPAL'EKIN 
01153 44 1137 450 D OSTKAL'TEMPN+I 
01154 12 1165 451 .3 CENTAL'EKN 
01155 26 1137 452 D (»iVA'YtrPN + l 
01156 14 1136 453 G OAl'tAL'TErPN 
01157 44 1136 454 a OSTKAL'TErPN 

01lt>0 45 4175 455 0 DSTKAL-i'ELETBH 
01161 10 Ii40 456 □ CEKTAU'AZERrN 
01162 56 1170 457 a DSSK'LLCT?.' 
01163 34 1151 460 0 OJP'ILL'L'PN 
01164 55 1142 461 0 OlJP'EKTäGM 
01165 12 1727 462 CEKN 0121727' 
01166 UW 1027 463 CEKIN OI027' 
01167 uu 0700 464 aEK2N 070«* 

100 
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TABU3-S. (Continued) 

01I7U    »»C bT(i4    465    OELCP'     OJi:«: 
01171 Ul' Jt'BO 466 □CL OCKM uK'cfArnE PtRur survuuim 
ClPÄ ^7 1200 467 3 ClSKMiNtKNCCi'JfUS TUE 
Uli 73 >4 1171 170 D OUHEi'CLlC.'v^ctiiT TIM YET 
01174 I? >:^! »71 C CENTAL'nrFMtJlNITlALlZF TIM 
{1175 4% 1200 472 □ OBthALniftÜf 
CM 7^ 5a JwOO 473 n OKifJfif^Lt ALL  IKTFPnUPT? 
CllTt 54 oil1» 474 a □JP"Jw!»YKNCTt  SlNTHiL  PAMEL 

inaur Oi Ul'OU 475 DTI »TES»' aO'cVftLUt  ^EING TECRErENTEP 
:i?.ui uo k/062 476 CT1 MEM O5iil>,O0,02 SEC PERUC 
J12t)2 u« LVUli 477 XHTRLN CO' 
012(13 12 12*7 5J;O a ctwTAL'ci'Nwr»; 
C12U4 50 IHH' 5.)l c OaUFIU'O'AP'l'ClMvrN 
0l2li5 .ij 1247 
0l2t.6 ci: 1247 
1)124,7 52 11145 5V)2 a CSLCL'^ASKf» 

C12lk) 10 1140 Si". 3 n CENT AU'AZE JUS" 
C1211 50 4714 504 c CLSHA^ 
i.1212 5^ 4204 5^5 0 nHShAL*4 
01213 ^6 1242 506 c CSTHAU'SC'vrM+l 
41214 44 1244 5.; 7 c OSTHAL'TCMU^"»-! 
01215 5i> I50i: 510 c Olf'STP'O 
0121t> 12 1217 511 0 CE'JTAL'COVVM 
C1217 52 1245 512 c OSLCL>ASKM 

01220 10 1140 5lo n CC^TAU'^ZERtN 
PI 221 5U 47J4 5U a CLSHA'l 
01222 5to 4214 515 a OIISHAL^ 

Ü1223 46 1241 516 c OSTKAU'ICN^K 

011:24 44 1243 517 0 CJSTHAL'TCNVTN 
01225 02 124* 520 c CCHAL'TCWPM+I 
01226 61 1232 52! c QJPEtt'CKlLC*! 
81227 iS 0007 522 n OCLEMH'WRIFTN 

01230 41 1644 
81231 73 I2d0 
01232 5« 4322 525 ncf ELCN ORSMr'lft 
01233 02 1242 524 c CCrAL'ICMVrfi-l 
01234 61 I24U 525 D CjPV«'Ct»«PN 
01235 36 0010 526 O OCLLAK'X'ErafTN 
01236 41 2256 
01237 73 1256 

PEPIk/ 
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TABLE S-S. (Continued) 

0131(9 12 1661 377 CFRDSPN CENTAL MI45N045 DEG STEP 
01311 44 1644 600 □ □STHAL'ROFTN 
01312 34 1620 601 D DJP'ADÜN 
01313 12 1664 602 DHDGSPN OENTAL'USONDSO DEGREE  STEP 
01314 44 1644 603 Q DSTRAL'ROFTH 
01315 34 1620 604 O QJP'ADDN 
01316 70 0^12 603 □SOWN OEMTALK'I0DD1OSEC   PERIOD 
01317 24 0620 606 a CMULAL'VARCONDSAMPLES   PER SFrBND 

01320 44 1647 607 a OSTRAL'SQWCNnSAMPLES  PER CYCLE 
01321 30 4201 610 o □RSHALM 
01322 44 1630 611 a OSTRAL'SQWCINCIHALF   PERIOD 
01323 37 1646 612 □STEPUN DISK'SDWINQIS CYCLE  COMPLETED 
01324 34 1326 613 G ajP'ENTVANDNO 
01325 34 1333 614 a □JP'RESTRNOYES 
01326 12 1663 615 OFNTV AN CEMTALM'75ND73 DEGREE  STEP SUE 
01327 44 1644 616 D OSIHAL'ROFTN 

01330 12 165k: 617 a CKNTAL'SPWCINClHALF   PERIOP 
01331 16 1646 620 a □SUbAL'SQWlVoINDEX COUNT 
01332 67 1334 621 a DJPALNU'EXNnJUMP  IF   STEP  IS  TO  BE   75  DEG 
01333 40 1644 622 n OCL'HOFTNaZFHOS  R(T) 
01334 34 1620 623 CEXN OJP'ADDN 
01333 12 1647 624 ORESTRM □ENTAL'SQWCNCIRESTORFS   INDEX 
01336 44 1646 623 n aSTHAL'SÜWIN 
01337 34 1323 626 a OJP'STEPUN 

01340 12 1632 627 CFDSRPN CENTAL'DELTANnZFRO  ON  FIRST   PASS 
01341 63 1353 

0022 
630 n OjPALNrCYCLENDSKIPS  GEN  0F  CONST  AFTER 

01342 70 631 a aENTALKMBDOGENERATE  CYCLE   SWITCH   POINTS 
01343 24 0620 632 a DMULAL'VARCON 
01344 44 1651 633 a C6THAL'SQWC2NQ18 SECONDS 
01343 30 4201 634 a URSHAL'1 
01346 14 1651 633 a ClAl)IiAL,SQWC2N 
t;l347 44 1650 636 a DSTHAL,SQWC1ND27 SECONDS 

01330 14 1651 63 7 u OAI<IiAL,SWWC2N 
01331 44 1647 641; n DSTKAL,SQWCND45 SECONDS 
01332 34 1354 641 D DjP,LliK+2 
ftl333 37 1647 642 DCY^LEM DlSK'SUWCNnRAMP FINISHED 
H1334 34 1356 643 a DjP'üENKPNnNli; 
(-.1333 34 14^1 644 n DjP'ZKoMPNnYES 
UI336 7U I2i;i5 645 DGEMRPN dNVALh'12H;uCALCULATE   RAMP  DELTA 
i:i337 24 1667 646 c UMULAL'WON 
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TABLE 3-5. (Continuftd) 

l.lStit-     Ü6   Ud2W     647    a 
(■l?«il 44 1652 65r n 
1.13ö2 14 1644 651 a 
l.|3<»3 44 1644 652 n 
iilStiA 12 165V. 653 □ 
H13ti5 16 1.647 654 c 
t'lJJiS G7 T621J 655 u 
ßl3<i7 12- 1644 656 cLfVELN 

C1I37U 16 1652 657 n 
(•1371 44 1644 56k! o 
KI372 12 1651 661 a 
01373 16 1647 662 □ 
01374 67 1620 665 D 
til375 12 1644 664 □TV'IRM 
01376 16 1652 665 a 
fil377 67 1401 666 a 

ÜlAülü ?4 1303 667 a 
UI4l!l 40 1644 67» □ZPAMPN 
C[AVJZ 34 162!) 671 a 
0141Ö3 12 1652 672 arrvFRPN 
0I4U4 63 1416 673 a 
014^3 70 0005 674 a 
i:\A\iS 24 0620 675 G 
014W7 44 1651 676 n 

0I4IU 50 4201 677 a 
0141 1 14 1651 7UÜ a 
01412 44 1650 701 o 
01413 14 1651 71)2 a 
01414 44 1647 703 a 
01415 34 1417 704 a 
01416 57 1647 71)5 DCYCLIN 
01417 34 1421 7ü6 a 

01420 34 1401 707 □ 
01421 12 1657 7111 DGNRP1N 
01422 24 1667 711 □ 
01423 26 0620 712 a 
01424 44 1652 713 □ 
01425 14 1644 714 n 
0U26 44 1644 715 □ 
fl427 12 1650 716 a 

RAMP SIZF. 

TOP 0F   RAI«P  BEEN   REACHED 

criVA'VftHCON 
DSTKAL MiFLTAN 
QArPAL'KOFTM 
QSTKAL'KlFTNcMEV 
QENTAL'SrwCIN 
QSUBAL'SCWCNnHAS 
DjPALNU'AITNDNk- 
□t    -AL'PUFTNaYES  SUBTRACT  PFLTA 

OPUUAL'PELTAN 
□STKAL'ROFTN 
□EMTAL'St-V'CZNaTIf.F  Tß COME  PBV'N   RAI"P 
CEUaAL'snwCM 
DJPALNCi'AMiNGNO 
□ENTAL'KlFTNDreWN  RAMP 
OSUBALM'ELTAri 
OJPALNU'ZRAMPN 

OJP'DEÜSPN+I 
aCL'ROFTMOZERO OUTPUT 
OJP'AHPN 
DENTALM'ELTAHnZfRf  CN FIRST  PASS 
QjPALNZ'CYCLlNOi-KIPS  GEN   OF  CONST  AFTER 
DENTALK'S 
DMULAL'VARCON 
DSTKAL,SÜV.'C2Na5 SECÜNPS 

ORSHAL* 1 
C3APDAL*SCJWC2N 
CSTKAL'SOWCINDT^ SECONDS 
DAUDAL*SÖWC2N 
QSTRAL'SQWCND^^ SECONDS 
aJP,L0Ki-2 
DISK'SÜWCN 
OJP'ÜMHPIN 

DjP'ZH^MPNCZERf  0UTPÜT 
□ENTrtL'I^^ONnCALCULATE 
CIIULAL'VON 
ODlVA'VARCON 
OSTHALMiELTAN 
OADPAL'^CFTN 
aSTHAL'KOFTNDNEW   RAI^.P 
□ENTAL'^GWCIN 

RAMP DELTAN 

SIZE 

104 



mm ■~— i'MJmm'.y.iV^rr il ^i 

• 
TABLE 3-5. (Coniinued) 

01430 16 1647 717 G                OSUBAL'SQWCNOHAS T0P BEEN   REACKEH 
* 01431 67  1620 720 ü                DjPALNG'ADDNONa 

«1432 12   1644 721 □LVELIN  QENTAL'RBFTNDYES  SUBTRACT  DELTA 
«1433 16  1652 722 □                QSUBAL'OELTAN 
01434 44   1644 725 D               aSTRAL'RBFTN 
01435 12   1651, 724 0                CENTAL'SQWCaNDTIME  T0 CW\Z  D0WN   RAUP 
«1436 16  1647 725 D                QSUBAL'SQWCN / 

01437 67  1620 726 0                ajPALNG'ADDNaN0 

01440 12  1644 727 C0WNR1N CENTAL*RiffTNCX)0VN  RAUP 
01441 16  1652 730 O                QSUBAL'DELTAN 
01442 67  1401 751 Q                QJPALNü'ZRAMPN 
01443 34  1303 732 0                OJP'DEÜSPN+I 
01444 12  1652 755 OSVSRPN  C£NTAL,DELTANdZER0  0N FIRST  PASS 
«1445 63   1456 754 G                aJPALNZ,CYCL2NDSKlP C0NSTANT CALCULATI0N r 

«1*46 70 0003 755 G                QENTALK'SOGEN  CYCLE SWITCH  P0INTS 
01447 24 0620 736 G                ianiLAL'VARC0N 

«M50 ,44  1651 757 0                aSTRAL,SQWC2NQ5 SEC0NDS ^ 
01451 50 4201 740 G                 GRSHAL'IDADDAL'SQWCZN 

• 
01452 44  1650 741 0                a5TRAL,SQWClNG4.5 EEC0NDg 
01453 14  1651 742 G                GADDAL*SQWC2N 
01454 44. 1647 745 G                aSTRAL,SQWCNa7.5 SEC0NDS 
01455 34   1457 744 G                QJP'L0K+2 
01456 57   1647 745 aCYCL2N  GISK'SUUCN 
01457 54  1461 746 G                0JP,GNHP2N 

01460 34  1401 747 G                OJP'ZHAMPN /   1 
01461 12   1660 750 .GGNRP2N  CENTAL•D30N 
01462 24   1667 751 0                criULAL,W0N 
01463 26 0620 752 G                QOIVA'VARCBN 
01464 44   H>52 755 G                GSTRAL'ÜELTAN 
01465 14,1644 754 O             . GADDAL'RßFTN 
01466 44   1644 755 G                GSTRAL'HffTN 
01467 12   1650 7*5 G                CENTAL'SQWCIN 

01470 16   1647 757 G                GSUBAL'SQWCN 
'           i 

01471 67   1620 760 G                GJPALNG'ADDN 
01472 12   1644 761 aLVEL2N  GENTAL'RläFTN 

\\ 01473 16  1652 762 G                OSUBAL'PELTAN 
01474 44   1644 765 Q                GSTRAL'RldFTN 
01475 12   1651 764 G                DENTAL'SQWCe^ 
01476 16   1647 765 D                QSUBAL'SQWCN 
0J477 67   1.620 766 D                GJPALNG'ADDN 

9 
1CS 1 

\ 

r     vÄ3S 
1 ̂ ^0^1. §§^^0»0^^M'tii^^ -i^iM 
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TABLE 3-5. (Continued) 
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01500 12 1644 767 QDWNR2N OENTAL'HOFTN 
01501 16 1652 770 O DSUBAL'DELTAN 
015192 67 1401 771 □ □JPALNU'ZRAMPN 
01503 34 1303 772 0 DJP'DEüSPN+l 
01504 12 1652 773 DSAWN CENTAL'DELTAN 
01505 67 1513 774 a OJPALNU'CYCLSN 
01506 70 0006 775 a OENTALK'Ö 
01507 24 0620 776 a cmULAL'VARCON 

01510 44 1647 777 a QSTRAL'SQWCN 
01511 »2 1662 1000 o OENTAL'DößN 
01512 44 1644 100.1 a OSTHAL'ROFTN 
01513 57 1647 1002 OCYCLSN   alSK'b'WUCN 
01514 34 1516 1003 a ajP,üNRP3N 
01515 34 1526 1004 0 OJP'CLKPN 
01516 12 1657 1005 aONRP3N   CENTAL•P20N 
01517 24 1667 1006 D CMULAL'WON 

01520 26 0620 1007 a COIVA'VAPCON 
01521 50 6100 1010 a OCPAL* 
01522 44 1652 1011 a OBTRAL'DELTAN 
01523 14 1644 1012 0 QADDAL'RUFTN 
01524 44 1644 1013 a OSTRAL'RBFTN 
01525 34 1620 1014 a OJP'ADDN 
01526 40 1652 1015 OCLRPN □CL'DELTAN 
01527 34 1620 1016 a DJP'ADDN 

01530 12 1652 1017 OSPRWN CENTAL'DEliTAN 
01531 63 1537 1020 D CUPALNZ'CYCL4N 
01532 70 0004 1021 a CENTALK^ 
01533 24 0620 1022 a OIULAL'VARCON 
01534 44 1647 1023 a OSTHAL'SQWCN 
01535 12 1660 1024 ,Q CENTAL,D30» 
01536 44 1644 1025 a OBtRAL'ROFTN 
01537 57 1647 1026 QCYtL4H alSK'SÖWCN 

01540 34 1542 1027 O ajP,GNRP4M 
01541 34 1620 1030 a OJP'AÜÜN 
01542 12 1656 1031 DGNRP4N   CENTAL "D^N 
01543 24 1667 1032 o CMULAL'WON 
01544 26 0620 1033 a CDIVA'VARCON 
01545 44 1652 1034 D OSTRAL'PELTAN 
01546 14 1644 1035 a DADDAL'RBFTN 
01547 44 1644 1036 a CSTHAL'RBFTN 

B^^M^m^MWm^^^m 
,Jrtfl1iw)ia, !,!,_ 
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TABLE 3-5. (Continued) 

01550 34 1620 1057 0 □JP'ADÜN 
01551 12 1655 1040 DSINEN CENTAL'KONEN 
81552 65 1557 1.541 a aJPALNZ'CYCL5N 
01553 36 01:02 1042 D CMWE'S'TSINEN'KONEN 
01554 11 1672 
01555 47 1653 
£1550 73 1554 
01557 12 1653 1045 aCYCL5N CENTAL'KfcNEN 

01560 24 1654 1044 a CWULAL'SINEJN 
01561 51? 4320 1045 a QKSHA^O 
01562 50 6100 1046 a DC PAL' 
01563 14 1654 1047 G DADDAL'SINEIN 
01564 16 1655 1050 a CSUBAL'SINE2N 
01565 14 1654 1051 □ QADDAL'SINEIN 
01566 10 1654 1052 C1 CENTAU'SINEIN 
01567 46 1655 1055 a □STKAU'SINE2N 

01570 44 1654 1054 o OSTRAL'SINEIN 
01571 24 1671 1055 a OIULAL'SINZEN 
01572 50 4311 1056 o aHSHAV?D 
01575 44 1644 1057 a OSTKAL'ROFTN 
01574 34 1620 1060 o OJP'AÜÜN 
01575 12 1653 1061 asiNE4N CENTAL'KONEN 
01576 65 1603 1062. a OJPALNZ'CYCLeN 
01577 56 0002 1065 a a«1OVE,3,TSlN4N,K0NEN 

01600 11 1675 • 

01601 47 1653 
01602 75 1600 
01603 12 1653 1064 ÜCYCL6N DENTAL'KONEN 
01604 24 1654 1065 Q CMULAL'SINEIN 
01605 50 4524 1065 a OHSHA^OD 
01606 50 6100 1057 a OCPAL'- 
CI607 14 1654 1070 D OADDAL'SINEIN 

01610 16 1655 1071 n asUBAL,SlNE2N 
01611 14 1654 1072 a DADDAL'SINEIN 
01612 10 1654 1075 a COTAU'SINEIN 
01613 46 1655 1074 o DSTRAU'SINE2N 
01614 44 1654 1075 a DSTRAL'SINEIN 
01615 24 1700 1076 n CWULAL'SINZ4N 
01616 50 4511 1077 a DRSHA'SD 
01617 44 1644 1100 a DSTRAL'RflFTN 
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01620 
01621 
01622 
01623 
01624 
01625 
01626 
01627 

01630 
01631 
01632 
01633 
01634 
01633 
01636 
01637 

01640 
01641 
01642 
01643 
01644 
01643 
01,646 
01647 

01630 
0IS31 
01632 
01633 
01634 
01633 
01636 
01637 

01660 
01661 
01662 
01663 
01664 
01663 
01666 
01667 

108 
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TABLE 3-5. (Continued) H| 

12   1247 1101 OADDN OEPTAL'CeMWDN ^H 
32  1246 1102 0 CSLCL'nASKlN H 
10  1666 1103 a □ENrAU'ZR0N H 
30 4706 1104 a □LSHA'Ö ^^^^B 
60   1637 1103 0 □JPAUZ'FINSH« s, ■ 
37   1670 1106 a qlSK'JJtDUN ^^^^B 
34  1630 1107 0' OJP'NSVALM   ' H 
76  1640 1110 a O^JP'SET-M           ,', 1 
70  3162 1111 ONSVALN CtNTALK'NTABM  ' ^^H 
14  167» 1112 a bADDAL*NC0UN       ' ■ 
74   1633 1113 a OSTRADR'NVALIt :■■'/ ^^^^H 
12  0000 1114 ONVALN DENTALS ■ 
30  4204 1113 ON0SHTN DRSHAL^ 1 
14   1644 1116 a QADDAU.'PBFTI» ' 1 
44   1644 1117 a aSTRAi:,R0FTIi H 
55   1230 1120 CFINSHN CÜJP'TLNPSN ^^H 
00  0000 1121 DSETN 00' 1 
70 ma 1122 0 CENTALK'I000D' H 
44   1670 1123 a aSlRAL'NCflUN 

• 
g^^^B 

•33   1640 1124 a OlJP'SETN IP^^B 
00   0000 1123 DR0FTN a0,ONEW  P0SITI0H   R(T>     ( . IHIH 
00  0000 1126 DR0FT1N WaPldSlllM  0NE SAMPLE BLD 1 
00   0000 1127 □SQWIN 00' ^^^^1 
00   0000 1130 OSQWCN 00* ■ 
00   0000 1131 OSQWCIN 00« 1 
00   0000 1132 QSQWC2N 00» 9 
00  0000 1133 □DELTAN oo* ^^^Sl 
00   0000 1134 OK0NEN 00' 1 
00  0000 1133 OSINEIN 00« ■^^^B 
00   0000 1136 QSINE2N 00' 1 
00  3600 ' 1137 cor3N 03600'oiVöi'iK i^^B 
00   3000 1140 □Q20N O5000,O20 DEG . H^H 
00  7400 1141 OD30N a7400'C330 DEG   ' 1 
01   3200 1142 DD45N O13200'O43 DEG I 
01   7000 1143 □O60N 017000*060  •  . <.- 1 
02  2600 1U4 O075N .ä2260l4,o75 0£«-» 1 
02  6400 1143 0D9M 026400*090 DEG 1 
03  0000 1146 □D160N 030000*0160 DEG 1 
00  0000 1147 DZRCN 00* ffiS   1 
00  0001 1130 DtfON 01* 

• L^^l  ^H 

&)R*£>ft*H'^^*^KläJ£^.rffe^ "jJIrwflpStt^ ^^'-wi^t^m^JffmSj^*ä^^^Fi^^KkJBxSL.J^'^'^^^ '                        XVVHPUS 
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TABLE 3-5. (Continued) HH 
C167Ü eo 1750 1151 nfiCWJN ulOt'OfuMfclSE  TA:JLE   INDEX HK 
BI671 00 0053 1152 DSINZEP a53,UÜAlN  FACTOR  0F   9 SEC  SINE ■ 
B167iJ 00 0116 1153 ÜTSINEN 0116*                                                                                         I M^^^B 
C1675 00 3004 1154 D 03004'                                                                                      ! 1 
MI674 KO 6010 1155 n 06010' ^^B^B 
01675 01 2020 1156 UTSIN4N 012020'                                                                                        1 H 
01676 00 4012 1157 □ O4012'                                                                                      i ■^^^H 
01677 01 0023 1160 o 010023' HB 
01700 00 0044 1161 aSINZ4N 044'aüAlN  FACTOR   GF   4.5 SFC SINE                          i 1 
01701 00 0000 1162 DELNPSN DO'ütLtV   POSITION   C0WMAMCS                                       j I^^^^B 
01702 12 2256 1163 a CtNTAL'EROFTN                                                                     I B 
01703 44 2237 1164 a OSTHAL'LROFTN+I                                                                 ! H^^IB 
01704 50 7201 1165 a OENTlCR'l 1 
01705 12 1241 1166 a CENTAL'ECNWDN ^Hj^^g 
01706 52 1245 1167 a OSLCL'MASKN 1 
01707 44 0001 1170 a DSTHAL'l 1 
0171H 70 0014 1171 □ C£NTALK'12P iiSH 
01711 16 01)01 1172 a OSUBAL'l 1 
01712 67 1714 1173 D OjPALK'li'EOSWN+l                                                                    1 1 

1 01713 35 1714 1174 CEOSVN OJPB'EOSWN + l rffl 
01714 34 1730 1175 a OjP'EPSZKNnJUtlPS  TO  ZE^O Cfl'IMAtID                         ' ^H 
01715 34 1732 1176 0 OjP'tl'EUSNnl  TEG  STEP ^Mp^B 
01716 34 1735 1177 u OJP'EFDÜSNOIO DEÜ   STEP                                               j I 
01717 34 1740 1200 a OJP,LFKl)SN045 TEG  STEP nH 
01720 •34 1743 1201 □ aJP,tSIiGSNn60 TEG   STEP 1 
01721 34 • 746 1202 □ ajP'tS(-VND45 PFG  SPUARL   WAVE 1 
01722 34 1770 1203 n OjP'fcKl-üRNn5  PEG/SEC   RArP Mp^^B 
01723 34 2033 1204 n OjP'tTWHPNOl5 PEG/SEC   F<ArrP ^^■^H 
01724 34 2074 1205 D OJP,ESPHPNn20 STEP, 15  RAN.P ^H^H 
01725 34 2115 121*6 a OJP'ESAV'NOSAWTOfcTH m^^^H 
P.I 726 34 2141 1207 n ÜJP'ESINENOSINF   WAVE,20/9                                          \ P^^^H 
LI727 34 2166 1210 n 0jP'tSlN4tt0SlNE   WAVE,5/4.5                                      j P 
01731; 40 2266 1211 nEPSZRN □CL'LHl'FTNnZEKOS   POSlTHuK'  CßMMANP                       ' rS 
01731 34 22\2 1212 D OJP'EAUI-N                                                                                  I ^31 
01732 12 2262 1213 DEPEG?N DtNTftL'f.'ONENOl   PEG  STEP '  "rSl 
01733 44 2236 1214 n OSTHftL'tRffTN ;-,'.^S B 
CI734 54 2212 1215 D DJH'tADPN                                                                              ! 
iU735 12 2264 121G OEFnuSN DENTAL'NTFN'NDlO PEG  STEP                                          1 iS ■ 
*M736 44 2236 1217 a CSTHAL'ERt'FTN                                                                    | " '^j3|B 
.^1757 54 2212 1221' n OJP'LJAi'I^J                                                                                  j 

\ « B 

1 
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TABLE 3-5. (Continued) 

0174(3 12  2270 1221 □EFROSN CENTAL•N45N045 DEG  STEP 
01741 44  2236 1222 a QSTRAL'EReFTN 
01742 34  2212 1223 a DJP'EAl'DN 
01743 12  2271 1224 CESPGSN CENTAL•N6PNa60 DEG  STEP 
01744 44 2236 1225 a. □STRAL'ERBFTN 
01745 34  2212 1226 a DJP'LADrN 
01746 70  0012 1227 GESGWN DENTALK'IBPOSCUARE  WAVE 
01747 24  0620' 1230 a CWlML'VARCfcN 

0I75B 44 2242 1231 a □STRAL'ESQWCN 
01751 50  4201 1232 a OHSHAL * 1 
01752 44 2243 1233 a □STKAL'ESQWCN+l 
01753 57  2240 1234 CESTPUN OlSK'tSQWlN 
01754 34   1756 1235 □ DJP'ENTVEN 
01755 34   1765 1236 a □JP'ESTRN 
01756 12  2270 1237 GENTVEN aENTAL,N45N  • 
31757 44 2236 1240 □ OSTRAL'FROFTN 

01760 12  2243 1241 a CENTAL'ESQWCN+l 
01761 16  2240 1242 a QSUBAL'ESQWIN 
01762 67   1764 1243 a OJPALNG'EXEN 
01763 40  2236 1244 a aCL'EKUFTN 
01764 34  2212 1245 □EXEN OJP'EAlUiN 
01765 12  2242 1246 OESTRN CENTAL'ESCWCN 
01766 44 2240 1247 D QSTRAL'ESOWIN 
01767 34   1753 1250 a OJP'ESTPUN 

01770 12  2245 1251 OEFDGRN CENTAL'DELTENOS PEG/SEC 
01771 63  2003 1252 a OJPALNZ'ECYCLN 
01772 70 m\i 1253 □ CENT ALK' 15P 
01773 24  0620 1254 a OtULAL'VARCUN 
01774 44  2244 1255 o aSTRAL,ESQWCN+2al5 SEC 
01775 50  4201 1256 □ QHSHAL'I 
01776 14  2244 1257 a QADDAL,tSQVCN+2 
01777 44  2243 1260 o aSTRAL,ESQWCN+lo22.5 SE 

02000 14 2244 1261 a □ADDAL,ESQWCN+'2 
02001 44  2242 1262 □ aSTHAL,ES3WCNa37.5 SEC 
02002 34  2004 1263 a CUP,L0K+2 
02003 57  2242 1264 DECYCLN QISK'ESOWCN 
02004 34  200o 1265 a QJP'EGNRPN 
02005 34  2031 1266 □ QJP'ERAMPN 
02006 12  2263 1267 DEGNRPN CENTAL'NFIVEN 
02007 24   1667 1270 O CMULAL'WON 

no 
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020115 
(»011 
02012 
02013 
020U 
02013 
02016 
020)7 

02020 
02021 
02022 
02023 
02024 
22025 
C2026 
02027 

02030 
02031 
02032 
02033 
02034 
02035 
02036 
02037 

02040 
02041 
02042 
02043 
02044 
02045 
02046 
02047 

02050 
02051 
02052 
02053 
02054 
02055 
02056 
02057 

26 06?0 
44 2245 
14 2236 
44 2236 
12 2243 
16 2242 
67 2212 
12 2236 

16 2245 
41 2236 
12 2244 
16 2242 
67 2212 
12 2236 
16 2245 
65 2031 

34 1733 
40 2236 
34 2212 
12 2245 
63 2046 
70 0004 
24 06:20 
44 2244 

50 4201 
14 2244 
44 2243 
14 2244 
44 2242 
34 2047 
57 2242 
34 2051 

34 2031 
12 2265 
24 1667 
26 0620 
44 2245 
14 2236 
44 2236 
12 2243 

^Zfrüi 

TABLE 3-5. (Continued) 

• 

1271 □ □OIVA'VARCON 
1272 0 OETRAL'DELTEN 
1273 o DAPDAL'ERCFTN 
1274 D □STKAL'ERIJFTN 
1275 a □tNTAL'ESewCN+l 
1276 o OSUSAL'ESÖWCN 
1277 a OJPALNU'EADDN ' 
1300 □EVELN CtNTAL'ERaFTN 

1301 a CSUoAL'PELTEM • 
1302 a rSTRAL'ERl^TN ,        c 
1303 0 r£NTAL'ES0WCN+2 
1304 o CoUBAL'tSQWCN 
1305 a CJPALNU'EAPCN 
1306 OEDWNRN DENTAL'EROFTN 
1307 a QSU8AL'PELTEN 
1310 a OJPALH'ERAMPN 

1311 a OJP'EPEUSN-Kl '• 

1312 CERAMPN DCL'EHOFTN 
1313 O OJP'EADPM 
1314 □ETWRPN □EMTAL'DELTENOIS DEG/SEC  RAM? 
1315 D OJPALNZ'ECYCIN \ 
1316 D aENTALk'4 \                 ! 
1317 a CMULAL'VARCON •-J 

1320 a aSTRAL,ESQWCN+2t34 SEC - \ ' 

1321 a ORSHAL' ! 
1322 D OADDAL'ESQWCN^ 
1323 D □STHAL'ESQVCN+loe SEC 
1324 c CÄDDAL'ESCWCN+Z , 
1325 D CSTRAL'ESQWCNalC SEC \ 
1326 a aJP,L0K+2 i 

1327 OXYCIN OlSK'LSQWCN 
1330 a □JP'GENRIN .-    " 

1331 a OJP'ERAMPN 
1332 OGENR1N CXNTAL'N15N 
1333 a OIULAL'WON 
1334 o CDIVA'VARCON 
1335 □ □STRAL'DELTEN 
1336 a C3ADDAL'EROFTN 
1337 a CSTHAL'EROFTN i 

1340 □ DENTAL'ESQWCK+l 

111 
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ZZIdM 16 2242 1341 
122061 67 2212 1342 
02062 12 2236 1343 
02063 16 2245 1344 
02064 44 2236 1345 
02065 12 2244 1346 
C2066 16 2242 1347 
02067 67 2212 1350 

£2070 12 2236 1351 
C207I 16 2245 1352 
02072 65 2031 1353 
02073 34 1755 1354 
02074 12 2245 1355 
02075 63 2103 13^6 
02076 70 0003 1357 
02077 24 0620 1360 

02100 44 2242 1361 
02101 12 2266 iJ^2 
02102 44 2236 1363 
02103 57 2242 1364 
02104 34 2106 1365 
02105 34 221?. 1366 
a2106 12 2265 1367 
02107 24 1667 1370 

02110 26 06?!) 1371 
02111 44 2245 1372 
02112 14 2236 1373 
02113 44 2236 1374 
02114 34 2212 1375 
02115 12 2215 1376 
02116 Ü3 2124 1377 
C2117 7k; 0004 1400 

22122 24 062U 1401 
U2121 44 2242 14C2 
W?122 12 2271 141:3 
02123 44 2236 1404 
1^2124 57 2242 1405 
fi2125 04 2127 14G6 
02126 54 2137 1407 
22127 12 2265 1410 
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TABLE 3-5. (Continued) 

*                      1 

D XUBAL'ESQWCN 
4 

U DJPALNU'EAPDN 
■■•*" 

□LEVL1N QEMTAL'ERaFTN I 
0 OSUBAL'DELTEH 1 
a DSTRAL'EROFTN 
a aENTAL,ESQWCN+2 V                     1 
a □SUBAL'ESOWCK '   9         .'           ] 
o OJPALNU'EADCN 

DEDWR1N DENTAL'EROFTN 
a OSUBAL'IiELTEN 
a OJPALP'ERAMPN ■ *                           j 

a DJP'EKfGSN+l •         .                    j 

cESPRPN COTAL'DELTENOSTEP + RAMP 
'■^ ■   • a aJPALKZ,ECYC2N " .           '•1 

□ rSNTALK'S "■   . l 

a OIULAL'VARCSN 
*         *      1 

□ CBTHAL'ESQWCN Ä  '■                                          j 

a OENTAL't^ßN 
a CSTKAL'ERßFTN Ä ^   ■' 
CECYC2N DlSK'ESGWCN 

• 
W^' ■ 

a 0JP,ÜENR2N 
□ OJP'EADDN ^^:- 
DGENR2N CEMTAL'N^N ^••^ 
□ CMULAL'weN ^'                 l 

a DOlVA'VARCßN ' -fX                   * 
a OSTRAL'DELTEN 
c CIAt)l»AL,LR0FTN * ■     ''-'     i 

a OSTHAL'FRWTN Xi'+Zv   " 

0 OJP'EADDN ,■'''*'■■    ' * 

CESAWN CENTAL'DELTEroSAWTBOTH ^:V-<-  • 
a DJPALNZ,ECYC3N ■;■••• V1    . - 

a CtNTALk^ 
HA - .■■ - 

□ OMULAL'VARCCN 
CPTPAL'ESGWCN 

$*■■■..■  •  ! 

D p( a üENTAL'NCCN 
□ OSTRAL'tROFTN 

*    OECYC3M DlSK'ESQWCN 
a □JF'GENRSN 

OJP'CLERPN' 
S^-v. .;   ! 

a «a*^-"*' 
CGEMR3H GENTAL'MISN w 

• 

i 
^S&klä 

J 
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TABLE y-S. (Continued) 

C2I5IU 24  1667 1411 a CMULAL'WON 
02131 26 062/ 1412 a CDIVA'VARCBN 
«2152 50 61 DO 1413 D □CPAL' 
02133 44 2^45 1414 a DSTHAL'ÜELTEN 
f«lA4 14 2236 1415 □ QAl'DAL'EROFTN 
12213b 44 2236 1416 D OSTRAL'ERWFTN 
02136 34 2212 1417 a CUP'EAL'I'N 
02137 40 2245 1420 OCLERP'l OCL'UtLTEN 

02140 34 2212 1421 □ OJP'IADUN 
02141 12 2246 1422 □ESINEH DENTAL•EK0hENC320/9 SIKE 
02142 63 2147 1423 a OJRALNZ'ECYCäN 
02143 36 \M\i2 1424 o CflMVE'S'ESlNSN'EKCNEM 
02144 11  2252 
02145 47 2246 
02146 73 2144 
02147 12 2246 1425 OECYC5^ CENTAL'EKBNEN 

02150 24 2247 1426 o OMULAL'ESININ 
02151 50 4324 1427 n DHSHA^iJiÄD 
02152 50 6101) 1430 c CT PAL' 
02153 14 2247 1431 D OAUUAL'ESININ 
02154 16 2250 1432 a QSUUAL,ES1N2N 
02155 14 2247 1433 a DAITAL'LSININ 
02156 10 2247 1434 a OENTAU'tSINlN 
02157 46 2SJ5K 1435 a C6TRAU,ESIN2N 

021615 44 2Vi? 1436 o OSTRML'ESININ 

c»:5i 24 2255 1437 a OIULAL'ESINZN 

«2162 50  4311 1440 o ORSHA'»D 
02163 14 2267 1441 D DAL<l)AL,N3liN 
02164 44 2236 1442 o OSTRAL'FRaFTN 
02165 34 2212 1443 a OJH'EAL'ÜN 
02166 12  2246 1444 □ESIH4N DENTAL,EKBNEN05/4.5 SU 
R2167 65  2174 1445 □ OjPALN^'ECYCÖtl 

021715 36 WA':2 1446 a □MUVE'S'ESl'^frEKCtJEN 
«2171 11   2256 
02172 47  2246 
02173 73  2171 
02174 12   2246 1447 ütCYCSM UENTftL'EKUVEN 
C2I75 24   2247 H50 a OMULAL'tSlNlf.' 
1)2176 50   4324 1A51 a CHSHn^aa- 
02177 50   61UI4 1452 o CCPAL* 

113 
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*-* TABLE 3-5. (Continued) 

1 «22 Mk) 14 2247 1453 □ OAHÜAL'ESININ 

B B220; 16 2250 1454 P CBUBAL,ESIN2N 
K 022Of: 14 2247 1455 a OAPDAL'ESININ 

Pi 022U3 10 2247 1456 a OENTAU'ESININ 
£- 022U4 46 2250 145: a CBTHAU,ESIN2N 

*" 022U5 44 2247 1461 a PSTRAL'ESININ 

m ' e22D6 24 2261 1461 0 DMULAL'ESINSN 

P 022 H 7 50 4311 1462 c OKSHA'SD 

E" 02210 14 2266 1463 D QAHDAL'N^ON 

ü"^ 02211 44 2236 1464 a USTKAL'EROFTN 
R"; 022 12 12 1247 1465 OEADPN OENTAL'CONWPN 
■^ ' 02213 52 1246 1466 0 OSLCL'MASKIN 
KT 02214 10 1666 1467 a □ENTAU'ZRON 
*"' 02215 50 4706 1470 □ □LSHA'ö i; 02216 60 2231 1471 a OJPAUZ'EFINSN 

02217 57 2251 1472 a OlSK'LNCeUN 

02221) 54 2222 1473 LJ DJP'EHSVLN ■ 

K "; 02221 76 2232 1474 a □RJP'ESETN ' 
jt  • 02222 70 5162 1475 DENSVLN OENTALK'NTABN 
jf" - 02223 14 2251 1476 D OADDAL'ENCOUN 

• •^ 02224 74 2225 1477 a CPTRADH'ENVALN 
R«*' 02225 12 0000 1500 DENVALN -tNTAL'O 
B - ■ 02226 50 4202 1501 OENOSTt □KSHAL^ 

JF' 02227 14 2236 1502 0 DADDAL'EROFTN 

l- 02230 44 2236 1503 a □STRAL'EROFTN 
02231 55 1701 1504 GEFINSN □I.IP'ELNPSN 

fe-' 02232 00 0000 1505 DESETN 00' i^' 02233 70 1750 1506 D GENT ALK'10000 wn 02234 44 2251 1507 a OSTRAL'ENCOUN 
Sf' 02235 55 2232 1510 0 OlJP'ESETN 
mi 02236 00 0000 1511 nEROFTN GO* 

\ 1 02237 00 0000 1512 a 00* 
'' 

02240 00 0000 1515 OESQWIN o\fi' 
J^dfl 02241 00 0000 1514 0 GO* 

■ ^3H 02242 00 0000 1515 OESQWCN GO' 

^^1 02243 00 0000 1516 O 00' 
02244 00 0000 1517 □ GO' 

■ .jH 02245 00 0000 1520 DHELTEN GO* 
02246 00 0000 1521 DEK0NEN GO' 
02247 00 0000 1522 DESIN1N GO' 

'^^1 
• 

' til 
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TABLE 3-5. (Continued) 

24Ü4 
41312 
litdZi 

20213 
4k5l2 

1523 
1524 
1525 
1526 
1527 
1550 
1531 
1532 

1533 
1534 
1535 
1W6 
1537 
15413 
1541 
1542 

aESlN2N 
CENCOUN 

a 
□ 
GESINZN 
DES1N5N 
a 
a 
CESIN6N 
DtiCNEN 
ÜNFIVEN 
ONTENN 
CW15N 
□N20N 
aN30N 

OH' 
OUk)l3t)* 
D24l34, 

04012* 
□ 101525* 
a2b, 

al2i«2D* 
041312' 

Cl 131325' 
014* 
D777577* 
0770577* 
0775577* 
0774177* 
0772777* 
077(3377* 

D7«54577• 
076D777* 
3tf*ac;ALCULATE  TRMN  VELEC1TY  COMr,AND 
DtNTAL'VTEMPMOSHiFT  VELOCITY  HISTeRY 
OSTRAL'VTEMPN+1 
CENTAL'HI3FTN 
OSU3AL*KKFTlNONEW VELfcClTY 
DMULAL*VARCÜN 

asU3AL*VTEMPN+ia/ELÖClTY FILTER 
DRSHAL*20SA^PLF  TIME  TEPENPENT 
DArnAL'VTErPN+l 
DSTRAL*VTEMPN 
□MULAL'VSIZEN 
ORSHA* UP 
OSTHAL'VFLPCN 
□ENTALK*5 

 -■--->- ^ 
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TABLE 3-5. (Continued) 

i 

02520 ue 3400 1575 CWSIZEN 03400 
02321 00 0000 1574 CVELOCM DO'cflLTEREP VELaciTY 
02322 00 ouoo 1575 OELVELN DO'DCALCULATES ELEV VEL C0MM/ 
02323 12 2545 1576 D GENTAL'EVTMPN 
02324 44 2346 1577 a üSTRAL'EVTMPN-H 
02325 12 2256 \6üü D DENTAL'EROFTN 
02326 16 2237 16R1 D asiTAL'ERWTN+l 
02327 24 0620 16P2 C □MULAL'VARCeN 

023 3Ü 16 2546 1605 D OSUBAL'EVTMPN+l 
02331 50 4202 1604 DETIMEN GHSHAL,2 
02332 14 2546 1605 D OADDAL'EVTMPN+l 
02333 44 2345 1606 a OSTHAL'EVTMPN 
02334 24 255« 1607 C CWULAL'tSlZEN 
02335 50 4316 1610 D ORSHA"14D 
02336 44 2351 1611 D OSTRAL'EVELCN 
02337 70 0005 1612 a OENTALK'5 

02340 16 1241 1615 a OSUBAL'ECNWDN 
02341 65 2345 1614 a OjPALP,L0K+2 
02342 55 2522 1615 a OIJP'ELVELN 
02343 40 2551 1616 a DCL'EVELCN 
02344 55 2322 1617 a OIJP'ELVELN 
02345 00 ÜOO0 1620 □EVTMPN oo* 
02346 00 0000 1621 a DO' 
023v47. 00 0000 1622 □EFLAGN OO' 

0235Ü 00 4500 1625 DESIZEN D45O0' 
02351 00 0000 1624 □EVELCN DO* 
02352 00 0000 1625 OTRENIN OO'OTKAlN   P0S  IN  VIA ENCODER 
02353 50 1506 1626 a DEXFCT'6'AD'1'3EG0N 
02354 m 2575 
02355 00 2574 
02356 50 2706 1627 D OEXF0V'6 
02357 50 1106 1620 D OBUFiN^'AD'l'INPOSN 

02360 00 2440 
02361 00 2440 
02362 50 2106 1651 a OSKPiiN^ 
P2363 34 2562 1652 a DJP'LOK-! 
02364 12 2440 1655 D DENTAL'INPOSN 
02365 50 4725 1654 a DLSHA'21D 
02366 50 4506 1655 D ORSHA'6 
02367 26 2572 1656 a OOIVP'KIN 
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1 1 • TABLE 3-5. (Continued) 

11237 b 44 2375 1657    G                DSTRAL'eCfTN 
j. 3 ^.2371 55 2352 1640    O                DIJP'IKENIN 
li Ü2372 k;5   5404 1641     QKIK          055404" 
1 u?.375 00 oouo 1642    OCOFTN     DO' 
I  - £12374 00   1^00 1645    D3EG0S     □UOO' 
I ^ 02375 M  MM 1644    DTKSC1N   QO'DTHAIN  POS  IM  THRU   KSC 

C2376 12 2455 1645    □                DENTAL'IRPISN 
r 1 • 02377 44  0112 1646    O               OSTRALM^ 
1- 

0241513 50   1305 1647    D                OEXFCT^'AD^'REQCCN 

1. 
024101 
C24i)2 

00 2441; 
Wk: 2456 

024H3 50 2705 1650    O                OtXFlW'J 
t A iJ24ü4 54 2404 1651     OVAITIN  DjP'WftiTIN 

C24Ü5 50 3000 1652    OREENTN  DHIL' 
Ce4Bä 12  0113 1655    a              DENTAL'113 
0C4Ö7 02 2436 1654    Q               DCMAL'HEQCON 

I C241Ü 61   2414 1655    D               DJPEQ'BUFERN 
1      ■ 

y 02411 02 2444 1656    Q               DCMAL'TWON 
22412 61   2424 1657    D                DJPEÖ'EMDIN 

1 

* 

02413 50  5640 1660    D                DSTUP' 
t' 02414 50 111:5 1661     a3UFERM  DdUFIN*5"AD'2'INPOSN 
i f,2415 0U 2441 

y 02416 190 2440 
02417 50   1305 1662    a               DEXFCT^'AD^'INWDCN 

r 'i 02420 00  2444 

rl 02421 00 2442 i 02422 5t) 27155 1663     D               DEXFUV'S 
02423 54 2425 1664     D               DJP'LOK-O r 02424 12 244V) 1665     DEND1.1     DENTAL'INPOSN 

I * 02425 50  4202 1666     D               OHSHAL^ 
1 * * 02426 14  24416 1667     D                DADDAL'INPOSN 
i < I 02427 02 2445 1670    D               DCMAL'PieON 

11 024311 67 2432 1671     O               OJPMüH,L0K+2 
i * 02431 16 2446 1672     D               DSUBAL'P56BN 
11 02432 50  61150 1675     D               DCPAL* 
i 02453 44  2373 1674     D               DSTRAL'CCFTN 
i 32434 55 23''5 1675     D               DUP'TK'JCIN 1 02435 "54  2403 1676    nIRPlSN  OJP'REENTN 

02-436 Ok)  0k}01 1677     OREGCCN   DÜlÄOldMl' 
1 c;:437 00   0000 1700     a               DO* 

- 

! 1 . 
• 
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TABLE 3-5. (Continued) 

02440 00 0000 1701 DINP0SN 00' 
02441 m 0000 1702 a 00* 
02442 la 0400 1703 alNWDCN 0100400* 
02443 00 1000 1704 a □001000' l 
U2444 00 0002 1705 6rvm 0000002* i 

02445 05 5000 1706 OP180N O23040D, 1 

02446 13 2000 1707 DP360N O46080t^, 

«244 7 00 0000 1710 DTRERRN □0,aCALCtJLATE TRAIN  ERR0R 

024J0 12 1644 1711 D CENTAL'RiaFTNDNEW P0SITI0N  C0MMANO ' 
OlV,5l 16 2373 1712 a □SUBAL'C0FTNOPRFSENT  TRAIN  P0SITJ0N 
02452 44 2455 1713 □LEXITN □STHAL,AIRNCIST0RE ERR0R 
02453 44 2456 1714 a aSTKAL*AIRlN 
02454 55 2447 1715 D □IJP*TRERRNDEXI,T 
02455 00 0000 171G OAIRN □0'DLATEST  ERR0R 
02456 00 0000 1717 OAIRIN D0* 
02457 00 0200 1720 OW0NEN □128D*al  SF7 

02460 00 0000 1721 CECTABN ,D0*aTRAIN  ERR0R CURVE TABLE L00KUP 
02461 50 7201 1722 G □ENTICR'l 
02462 36 0000 1723 O CENTBK*0OZER0S  B B0X1 
02463 12 2455 1724 D GENTAL'AIRN 

• 02464 C5 2470 1725 D nJPALP,L0K+4oJUI1P JF  ERR0R P0ITIVE 
02465 50 «,•100 1726 a □CPAL*a«IAKE  VALUE ABS0LUTE 
02466 44 2514 1727 D aSTKAL*TESTNCFLAG,  NEGATIVE  NUMBER 
2*2467 34 2471 1730 a OjP,L0K+2 

02470 40 2514 1731 D OCL'TESTNCFLAG,  P0SITIVE  NUMBER 
0247 t 44 2515 1732 G CJSTRAL'TESTN+IOSAVE  ABSOLUTE  ERROR 
02472 16 2513 1733 a OSUBAL'LIMITN 
02473 65 2476 1734 D aJPALP*L0K+3 
02474 12 2515 1735 0 CENTAL'TESTN-HQABSOLUTE VALUE 
02475 34 2477 1736 D CUP*L0K+2 
02476 12 2513 1737 a CENTAL*LlMITNcr)AXIMUM ERROR. 
02477 24 2512 1740 ü aiULAL*TENOTENTHS OF   DEGREES      >. 

02500 50 4307 1741 a ORSHA*7aREM0VES SF   ■ 
02501 44 2515 1742 a OSTRAL'TESTN+lDSTBRE ERROR TABLf INDEX 
02502 32 2515 1743 a CENTB'TESTN+l 
02503 13 0321 1744 a CENTALB'TETABN                                        -    - 
02504 10 2514 1745 a CENTAU*TESTNOCHECK SIGfT OF ERROR ' 
02505 60 2507 1746 a OJPAUZ*L0K+23JUMP IF   SIGN   POSITIVE ,' 
02506 50 6100 1747 D 0CPAL*DNEGAT1VE ERR0R 
02507 50 4203 1750 a ORSHAL*3oREDUCE SF7 

• 
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02510 44 2535 1751 0 
02511 55 2460 1752 0 
02512 00 0012 1753 LIEN 
02513 01 4363 1754 □L1MITN 
02514 00 0000 1755 OTESTN 
02515 00 0000 1756 D 
02516 00 0000 1757 aC0NC0N 
02517 12 2455 1760 a 

02520 
02521 
02522 
02523 
02524 
02525 
02526 
02527 
02530 
02531 
02532 
02533 
02534 
02535 
02536 
02537 

02540 
02541 
02542 
02543 
02544 
02545 
02546 
02547 

02550 
02551 
02552 
02553 
02554 
02555 
0255S 
02557 

24 2532 
50 4314 
44 3004 
24 2777 
50 4310 
14 3011 
44 3007 
50 4207 
44 2533 
55 2516 

6443 
00 0000 
00 0000 
12 0622 
24 2555 
50  4307 

76 3166 
44 2^56 

1306 
00 2555 
00 2554 
50 2706 

1206 
00 2557 

00 2556 
50 2206 
54 2551 
55 2534 
00 0002 
00 2400 
00 0000 
00 0000 

1761 
1762 
1763 
1764 
1765 
1766 
1767 
1770 

1771 
1772 
1773 
1774 
1775 
1776 
1777 
2000 

D 
a 
D, 
o 
n 
a 
a 
□ 
a 
a 
□STLIN 
OWZN 
□TR0UTN 
□ 
□ 

TABLE 3-5. (Continued) 

DSTKAL'MBFZNDCONTAINS 0UTPUT 
□IJP'tCTABN 
0100* 
D6387L,049.9 DEGREES 
D0'US1(J;J FLAG  ST0RA6E 
DO' 
aO'CCeWPLETE TRAIN C0NTR0LLER CAL 
□ENTAL'AIRNC^SiniaN ERRBR E(N) 

CMULAL'STLIN 
ORSHA'12D 
DSTHAL'TEHISNOSAVE TRAIN ERROR HISTORY 
CMULAL'ACPEFNOAO TIMES E(N)  SF22 
OHSHA'BDDSF   14 
aAt>ÜAL'THlSTM+2GPREVlBUS PARTIAL PRODUCT 
OSTRAL'THISTN 
aRSHAL*7 
QSTRAL'MOFZNWKZ) 
□IJP'CONCON 
033630'a.82 I SF12 
OO'lXKZ)  SF7 
O0,Q0ÜTPUT T0 TRAIN 
DENTAL'MZVELNOKZ)  PLUS 
CWULAL'PKN 
ORSHA»7 

2001    O 
20192    0 
2003    O 

2004 O 
2005 O 

J 
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TABLE 3-5. (Continih^d) 

ae*60 50 1306 2015 a CtXFCT^'ADTELEFIN 
02361 00 2600 
02562 00 2577 
02563 50 2706 2016 □ C6JCFW6 
02564 50   1106 2017 a OBUFIN^'ADM'ELPBSN 
02565 00 2600 
-52566 '00  2600 
02567 5C 2106 2020 a aSKPIIN*6 

02570 34 2567 2021 D DJ>*10K-I 
02571 12  2600 2022 a CENTAL'ELPBSN 
02572 50  4725 2023 a OLSHA^ID 
02573 50  4306 2024 D ORSHA*6 
02574 26 2372 2025 D CDIVA'KIN 
02575 44  2602 2026 o DSTRAL,EC0FTN 
02576 55 2557 2027 a DlJP'ELENIN 
02577 00  2000 2030 OELEFIN 02000* 

02600 00 0000 2031 OELPBSN 00* 
02601 00   0000 2032 a 00* 
02602 00   0000 2033 QECOFTN O0* 
02603 00   0000 2034 □EKSCIN O0*Cft:LEV  P0S  IN THRU 
32604 12 2654 2035 D DENTAL'ERPISN 
02605 44 0112 2036 D aSTRAL*112 
02606 50   1105 2037 a OBUFIN*5*AD,2,ELP0SN 
02607 00  2601 ' 

02610 00 2600 
02611 50   1305 2040 a C£XFCT*5,AD'2'ENVDCN 
02612 00  2637 
02613 00 2635 
02614 50 2705 2041 a CS:XF0V*5 
02615 34  2614 2042 □ C3JP*L0K-1 
02616 1.0  3000 2043 DERENTN ORIL* 
02617 12   0113 2044 o CENTAL'113 

02620 02  2444 2045 D t£MAL*TW0N 
02621 61   2623 2046 D OJPEQ'LEDIN 
02622 50   5640 2047 a OSTÜP* 
02623 12 2600 2050 CEEDIN OENTAL*ELP0SN 
02624 50  4202 2051 D DRSHAL*2 
02625 14  2600 2052 a DADDAL'ELPBSN 
02626 02  2445 2053 n DCMAL'PISBN 
02627 67  2631 2054 D DJPMüR,L0K+2 

KSC 
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TABLE 3-5. (Continued) 

02630 16 2446 2055    L aSUBAL,P360N 
02631 50 6100 2056    D OCPAL' 
02632 44  2602 2057    D aSTRAL,EC0FTN 
02633 55 2603 2060   0 OIJP'EKSCIN 
02634 34  2616 2061    DERPISN □JP'ERENTN 
02635 11   0400 2062    OENWDCN □110400* 
02636 00   1100 2063    a □001100' 
02637 00  0000 2064    CELERRN □O'XALC  ERR0R   »ELEV • 

02640 12 2236 2065    a □ENTAL'EROFTN 
02641 16 2602 2066    O □SUBAL'ECHFTN 
02642 44 2645 2067    0 QSTRAL'EAIRN 
02643 44 2646 2070    0 □STRAL'EAIRIN 
02644 55 2637 207!    a □IJP'ELERRN 
02645 00  0000 2072    OEAIRN □0* \ 
t)£646 00  0000 2073    CEAIRin □0* 
02647 00   0000 2074    OELERLN OO'DELEV  ERROR CLRVE TAB LOOKUP 

02650 50  7201 2075    0 UNTICR'1 * ■         1 
02651 36  0000 2076    O CENTBK'O 
02652 12 2645 2077    O □ENTAL'EAIRN 

• 
02653 65 2657 2100    □ ajPALP,L0K+4 
02654 50  6100 2101    Q OCPAL' 
02655 44  2701 2102    a QSfKAL'ETESTN- 
02656 34 2660 2103    0 QjP'L0K+2 
02657 40  27.01 2104    a CCL'ETESTN • 

02660 44 2702 2105    0 OBTRAL'ETESTN+l 
02661 16 2513 2106    □ OSUBAL'LIMITN 
02662 65 2665 2107    a CUPALP'LOK-t-S 
02663 12 2702 2110    □ CENTAL'ETESTN+l 

OJP'L0K+2 
' 

02664 34 2666 2111    □ ' • 
02665 12 2513 2112    a CENTAL'LIMITN 
02666 24 2512 2113    a a*IULAL'T-EN 
02667 50 4307 2114    0 ORSHA*7 

02670 44 2702 2115    □ aSTRAL'ETE$TN+l :' 
02671 32 2702 2116    a OENTB'ETESTN+l ' *                   1 
02672 13 4175 2117    G CtNTALB'ELETBN .i                        1 • *     •                 \ 
02673 10 2701 2120    □ OENTAU'ETESTN v**"     1 
02674 60 2676 1121    a OJPAUZ'LOK^ fy 
02675 50  6100 2122    ö □CPAL' &* 
02676 50  4203 2123    o ORSHAL'3 m 
02677 44 2703 2124    D □BTRAL'EPIOFZN ™v 

• 
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TABLE 3-5. (Continued) 

0270(9 55 2647 2125 a QlJP'ELERLN 
02701 00   0000 2126 DETESTN 00' 
02702 00   0000 2127 a DO' 
027455 00 '0000 2130 OEMOFZN ao^ 
ß27U4 0»   01)00 2131 GCOMCCN DO'UCOMPLETE  ELEV  C0NT  CALC 
027U5 12 2645 2132 D CENTAL'EAIRN 
£2706 24 2720 2133 D OmAL'FSTLlN 
027ß7 50 4314 2134 a ORSHA'12P 

027113 44  3053 2135 a DSTRAL'EEHISN 
C2711 24 3046 2136 D CWULAL'EACOFN 
02712 50 4310 2137 D DR'JHA'BD 

32713 14 3060 2140 D nADPAL,EHlSTN+2 
02714 44 3056 2141 a OSTRAL'EHISTN 
02715 50  4207 2142 D ORSHAL * 7 
02716 44 2703 2143 a QSTRAL'EMOFZN 
02717 55 2704 2144 a OIJP'COMCBN 

02720 00  6443 2145 CCSTLIN 06443' 
62721 00   0000 2146 DELBUTN DO'DELIV  OUTPUT  T0 LAUNCHER 
02722 12  0625 2147 a DENTAL'EMZVLN 

• 02723 24 2555 2150 o CMULAL'PKN 
02724 50  4307 2151 a ORSHAL 
02725 76  3166 2152 Q ORJP'ATSTN 
02726 44  2/41 2153 a DSTRAL'EBBUTN 
02727 50   1306 2154 Q DEXFCT^'ADTELEFN 

0273M 00  2743 
02731 00  2742 
B2732 50  2706 2155 D CCXFOV'Ö 
02733 50   1206 2156 □ DBUFOUT'O'ADM'EBOUTM 
02734 00   2742 
02735 00  2741 
0^736 50  2206 2157 D OSKPOIN'Ö 
02737 34  2736 2160 D DJP'LOK-I ! 

02740 55  2721 2161 a OlJP'ELOJTN 
02741 00   0000 2162 OEBftJIN 00' 
02742 00   01 04 2163 OELEFN GVüDA  N0  3 
02743 00   0*00 2164 GTRPDZN OO'DCALCULATE  TRAIN D<Z) FBR NEXT PASS 
02744 '12  3005 2165 D DENTAL'TEMISN*1 
02745 44  300« 2166- a OSTRAL'TEHISN+a 
02746 12  3004 2167 a DENTAL'TEHISN 
02747 44  3005 2170 a OSTHAL'TEHISN+I 

• 
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TABLE hi. (Continued) 

l()275Ü 24 5000 2171 a CMULAL'ACBEFN+lOAl 
02751 50 4510 2172 a ORSHA*BD 
22752 44 5011 2175 o aSTHAL,THlSTN+2 
Ü2753 12 5006 2174 n □ENTAL,TEHlSN+2 
0275A 24 5001 2175 a □MULAL'ACBEFN^ 
02755 52 4510 2176 a ORSHA'8D 
02756 14 5011 2177 D DADDAL,THlSTN+2 
02757 44 50il 2200 a aSTRAL,THlSTN+2 

0276Ü 12 5007 2201 a DENTAfTHlSTN 
02761 24 5002 2202 0 cnuLAL'BCBEFNoBl T 
02762 50 4517 2205 D ORSHA'150 
C2765 50 6100 2204 a OCPAL' 
02764 14 5011 2205 a aADDAL,THlSTN+2 
02765 44 5011 22^6 a aSTRAL'THISTN+2 
02766 12 5010 2207 0 □ENTAL'THlSTN+1 
02767 24 5005 2210 0 C«ÜLAL'BC0EFN+1 

0277K 50 4517 2211 o ORSHA'15D 
02771 50 6100 2212 D OCPAL* 
02772 14 5011 2215 D CiAÜÜAL'TMlSTN+2 
02775 44 5011 2214 0 OSTHAL'THISTN+2 
02774 12 5007 2215 D CEMTAL'THISTN 
02775 44 5010 2216 a OSTRAL'THlSTN + l 
02776 55 2745 2217 a OlJP'TRPDZN 
027 "f 7 10 0000 2220 OACBEFN Ol00000*QA0 SF   15 

050MO 61 4642 2221 D 0614542'OAl  SF   15 
051(901 06 5656 2222 a 0065656-'OA2  SF   15 
05002 60 5115 2225 Q9C0EFN Q605115'Obl  SF   15 
05005 07 4702 2224 a D074702'DB2  SF   15 
05004 00 0000 2225 OTEHISN 00' 
05005 00 0000 2226 O 00* ORF 7 
05006 00 0000 2227 a 00'DSF 7 
05007 00 00^0 2250 OTH1STN 00' 

05010 00 0000 2251 a O0'OSF14 
05011 00 0000 2252 a O0'OW0HKING CELL 
05012 00 0000 2255 OELPDZN OO'OELEV DCZ) FOR 
05015 12 5054 2254 0 OENTAL'EEHISN+l 
05014 44 5055 2255 0 aSTRAL'EEHlSN+2 
05015 12 5055 2256 a CENTAL'EEHISN 
05016 44 5054 2237 a DSTRAL'EEHlSN+l 
05017 24 jiJ47 2240 D □MULAL'EACOFN + l 

TIMES P(tM) 

TIMES M(Z) 

NEXT PASS 
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TABLE 3-5. (Continued^ 

03020 30 4311« 2241 O ORSHA*BD 
03021 44 3060 2242 O GSTRAL'EMlSTm 
03022 12 5«55 2243 a CEHTAL*EEHISII*2 
03023 24 3030 2244 a aiULM.*EAC0FN+2 
03024 30 4310 2245 a ORSHA*8D 
03023 14 3060 2246 a DA00AL*EHlSTN+2 
03026 44 3060 2247 a OSTRAL*EHlSTN+2 
03027 12 3096 2230 a ae(ITAL*EHISIN 

03030 24 3031 2251 a QMULAL'EBCOFN 
03031 30 4317 2232 a ORSHA*!50 
03032 30 6100 2253 a OOPAL* 
03033 14 3060 2254 a OADDAL*EH15TN.+2 
03034 44 3060 2255 a OSTRAL'EHJSTIM* 
03033 12 3037 2256 a DENTAL'EHlßTH-H 
'03036 24 3032 2257 a aiULAL*EBC0FH-M 
030.'"' 30 4317 2260 a ORSHA* 13D 

03040 30 6100 2261 a OCPAL* ■■   - 
03041 14 3060 2262 □ OADDAL*EHISTNt2 
03042 44  3060 2263 c OSTRAL*EHIST(H-2 
03043 12  3036 2264 a • OENIAL'EHISTN 
03044 44  3037 2265 □ OSTRAL*EHXSTIH-.l 
030'3 33 3012 2266 a OIJP^ELPDZ«   • 
03046 10  0000 2267 OEACBF" 0100000' 
03047 61   4642 2270 0 Q6I4642* 

03030 06 3636 2271 a 0063636* 
03031 60 3113 2272 □EBQOFN 0603115* 
03032 07   4702 2273 o 0074702* 
03033 00  0000 2274 OEEHISN 00* 
03034 00   0000 2275 a O0*. 
03033 00   0000 2276 D 00' 
03036 00  0000 2277 OEHISTN 00* 
03037 00   0000 2300 a 00* 

03060 00 0000 2301 a 00* 
03061 00   0000 2302 ODATRDN OO'ObATA TO BRUSH 
03062 12   1644 2303 a DENTAL'ROFTN 
03063 24  3153 2304 o CMULAL'AKIN 
03064 30  4306 2303 0 ORSHA* 6 
03063 76  3166 2)06 0 DRJP*ATSTN. 
03066 44  5156 2307 o OSTRAL*A0UTN-M     • 
03067 50   1306 2310 a aEXFCT*6,AD,l,REFN 

RECORDER 
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TABLE 3-S. (Continued) 

65070 00 3163 
03071 00 5162 
U072 50 2706 2311 a CEXF0U*6 
03073 50   1206 2512 a OBUFWUT^'ADTABUTN + l 
03074 00 5157 
03075 00 5156 
03076 50  2206 2515 a CSKP0IN,6 
03077 54 5076 2314 □ .aJP,L0K-l 

03100 12 2456 2315 a CENTAL'AIRIN 
03101 24 5154 2516 □ aiULAL,AK2N 
03102 50 4303 2317 a ORSHA'S 
05103 76 3166 2320 a ORJP'ATSTI« 
05104 44 3157 2321 0 aSTRAL*AaJTNl-2 
03105 50   1306 2322 a CIXFCT^'ADTAIREFN 
03106 00 .5164 
05107 00 3163 

05110 50 2706 2525 a CEXFW6 
05111 50   1206 2524 a OBUFMUT'e'AD' rAaiTN+2 
03112 00 5160 
05113 00 5157 
05114 50 2206 2525 a C6KP0IN*6 
03115 54 5114 2526 D OJP'HJK-I 
05116 12 2256 2527 o CtNTAL'ERßFTM 
05117 24 5153 2550 0 OIULAL'AKIN 

05120 50 4306 2551 a ORSHA*6 
05121 76 5166 2552 o ORJP'ATSTM 
05122 44 3160 2553 □ OSTRAL'AOUTN+S 
05125 50  1506 2354 0 □EXFCT'e'AOM'EREFM 
05124 00 5165 
»125 00 5164 
05126 50  2706 2555 □ OEXF (Ä/' 6 
05127 50   1206 2556 a OBUFMUT^'ADTABUTM+S 

05150 0» M61 
05151 00 5160 
05152 50 220* 2557 a aSKP0IN*6 
05155 54 5132 2540 0 OJP'LUK-l 
05134 12  2646 2541 0 CENTAfEAlRlH 
05155 24 5154 2542 0 aiULAL'AK2N 
05156 50  4503 2545 a ORSHA'S 
05157 76 5166 2544 □ ORJP'ATSTM 

125 

•m- 
*M 



*"—-'■— 

*'   1 

TABLE 3-S. (Continued) 
051^0 44 3161 2345 a GSTRAL,AÜUTN+4 
031«'. 50 1306 2346 o CEXKCT^'AD'l'EAREFN 
03U2 00 3166 
03143 00 3165 
03144 50 2706 2347 a CEXFWb 
03145 se 1206 2350 a CBUF0UT,6,ADM,ACUTM+4 
03146 0Ü 3162 
03147 m 3161 

03130 50 2206 2351 a C5XP0IN*6 
03151 34 3150 2352 o OJP'LMK-l 
03152 55 3061 2353 a OlJP'DATRDN 
03153 00 0045 2354 OAKIN 045' 
03154 00 0062 2555 DAK2N 062* 
03155 00 0000 2356 OAOUTN 00* 
03156 00 0000 235? a 00: 
05157 00 0000 2360 a 00« 

03IS0 00 0000 2361 a D0' 
03161 00 0000 2362 Q 00* 
03162 00 iD001 2363 OREFN OI'ODA  N0.   1 
03163 00 0010 2364 DAIREFtf O^'DÜA  N0.  A 
03164 00 0020 2365 QEREFN a20*aDA N0.  5 
03165 00 0040 2366 DEAREFN O40,aOA  N0.   6 
03166 00 0000 2367 OATSTN D0,a0VERFL0W SUBR0UTINE 
03167 65 3173 2370 a OjPALP,L0K+4 

03170 50 6100 2371 a OCPAL* 
03171 44 3206 2372 a CBTRAL'ArLGN 
03172 34 3174 2373 a DjP,L0K+2 
03173 40 3206 2374 a OCL'AFLGN 
05174 02 3205 2375 Ci OCNAL'AKCN 
03175 65 3203 2376 a QjPMLEG,L0K+6 
«3176 10 3206 2377 0 CENTAU'AFLGf« 
"63177 62 3201 2400 a OJPAUNZ,L0K*2 

03200 55 3166 2401 n nlJP'ATSTN 
03201 50 6100 2402 n DCPAL* 
03202 55 31«tj 2403 u OlJP'ATSTN 
03203 1? SükJS 2404 a CENTAL'AKON 
03204 34 3176 2405 a OJP,L0K-6 
03205 01 4400 2406 CAX0N □14400* 
03206 00 0000 2407 OAFLGN 00' 
00321 00 0000 2410 OTETABN QO'OIRAIN  ERROR CURVE TABLE 
04175 00 0000 2411 OELETBN OU'CELEV  CRROR CURVE TABLE 
05162 00 -0003 2412 CNTABN O0,QN0ISE lABLE 

31  3676 
• 

126 



mmmmmmmmmm** u . . .^JUIIIII .1 ii 

-      ^ 

PART 4 

COMPUTER PROGRAM OPERATOR'S MANUAL 
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j.     2 Shaft-to-Digital Encoders, Datex Model 12-300-27. 
k.     I Special Mode Selector Control Panel, NELC Prototype. 
1.     4 Power Supplies, Sorensen Model Q Nobatron QRC 20-8A. 

The complete feasibility of demonstration equipment setup is show:, in block-dia- 
gram form for train in figure 4-1. A similar configuration is used for elevation 

i.-t.^'%.'\ii.^jjc. 
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2.2 Computer Program Materials 

The following program paper tapes are required for operation of the launcher test 
program: 

a. ASROC Test Program (Paper Tape. Bioctal) 
b. "UPAK 1B" Utility Program (Paper Tape. Bioctal) 

s 
I 

2.3 Supporting Documentation 

Assuming! familiarity with the Type 1218 digital computer, the only supporting 
documentation necessary for program operation is Part 3, Computer Program Design 
Specification. The design specification contains a printed output listing and detailed 
information concerning all functions of the computer program. 

2.4 Personnel Requirements 

Program operation requires a minimum of two people: (1) the system operator, 
who is responsible for the operation of the computer, the Command Selector Control 
Panel, and the Mode Selector Control Panel; and (2) the launcher operator, who is 
stationed at the launcher controls and performs, as required, the switchover between 
the continuous analog control and the digital computer control system. 

3.0 PRESTANDBY PROCEDURES 

Assuming power ON, and that all launcher and supporting equipment is properly con- 
nected and aligned, the computer operator will follow the procedures described in the next 
paragraphs. 
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3.1 Equipment Setup 

The computer operator has no responsibilities with regard to equipment setup. The 
equipment setup and the power requirements for computer operation are the responsibilities 
of assigned electronic technicians. 

3.2 Computer Program Setup 

The following procedures are necessary prior to progiam initialization: 

a. Using the computer bootstrap and the automatic-load routine on the UPAK IB 
tape, load UPAK 1B into the computer via the 1232 tape reader. 

b. Manually clear the computer via the MASTER CLEAF switch on the computer 
panel and enter 26006 octal into the P register. 

c. Place the ASROC test program tape in the 1232 tape reader and depress the com- 
puter RESTART switch, thus loading the ASROC test program. 

d. Using the inspect and change feature of UPAK 1B, insert into the memory the 
sampling-rate controller coefficients vnd the sine-wave parameters appropriate to the 
given test run. 

4.0   STANDBY/OPERATE PROCEDURES 

■tx, 



e. Set all switches on the Command Selector Control Panel (fig. 4-2) to the OFF 
position and depress the input data request pushbutton. 

f. Set the mode select switches on the Mode Selector Control Panel (fig. 4-3) to 
DIGITA . 

g. Depress the RESTART switch on the computer panel to begin program operation. 

h.    Request the launcher operator to switch to digital control. 

i. Exercise the launcher in various control functions by entering appropriate switch 
settings at Command Selector Control Panel, in accordance with the schedule shown in 
Ubles 4 1 and 4-2. 

vi 
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TABLE 4-1. TRAIN POSITION COMMAND SWITCH SETTINGS 

Binary Control panel 
Function code l      switch setting 

(function) 

Generate zero position command 0000 None 

1-degree step 0001 1 

KWegree step 0010 2 

4S-degree step 0011 1.2 

90-degree step 0100 3 

75-degree square wave 0101 1.3 

S-deg/iec ramp 0110 2.3         1 

20<lcg/sec ramp 0111 1.2.3 

30-deg/sec ramp 1000 4            i 
3(Kdeg step, plus 1 S-deg/sec ramp to 90 degrees 1001 

1 
1.4 

60deg step, minus 20 deg/sec to -60 degrees 1010 2.4 

3Ckleg amp Jtude, 9-second period sine wave 1011 1.2,4     ! 

17.5-deg amplitude, 4.5-$econd period sine wave 1100 3,4 
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TABLE 4-2. ELEVATION POSITION COMMAND SWITCH SETTINGS 

Binary Control Panel 
Function code switch setting 

(function) 

Generate zero position command 0000 None 

I-degree step oooi I 

IO-degree step ooio 2 

4S-degre« step con 1.2 

öO-degree step oioo 3 

4S-degree square wave 0I0I 1.3 

5-deg/sec ramp OIIO 2.3 

IS-deg/secramp Olli 1.2.3 

20degree step, plus IS-deg/sec ramp to 65 degrees 1000 4 

6&degree step, minus 15-deg/sec ramp to zero I00I 1,4 

*20-degree amplitude, 9-second period ane wave ion 2.4 

**S-degref amplitude, 4.5-second period sine wave ion 1.2.4 

•Offset from zero 30 degrees upward 

"Offset from zero 20 degrees upward 

NOTE: Nairn may be added to any of the functions in tables 4-1 and 4-2 by additionally setting the noise function 

twitch on the tontrolpaneL 
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1.0 SCOPE 

Part 5 defines the scope of test activities conducted by NELC personnel at NWTCP 

in connection with the digital «-omputer program and specialized hardware configurations 

required for the feasibility deiuonstration of digital computer control of the ASROC 
Mk 112 launcher. The test plan describes in genera.' terms the nature and organization of 

the required tests. The tests served the dual function of (1) program test and validation, 
and (2) verification of engineering analysis techniques employtd in simulation of the 
launcher during program design and the design of the digital system. The program exercises 

the launcher in both train and elevation. The computer program employs two distinct 
methods of inputting the Launcher Position into the computer, as described in Part 3, 

Computer Program Design Specification. 

1.1 Test Objectives 

The tests were planned to meet the following major objectives: 

a. Test the digital computer program for accuracy and completeness. 

b. Validate the results of the hybrid simulation conducted at NELC by observation 

and analysis of launcher response to varying input functions. 

c Accumulate and evaluate test data for application to the overall digital fire- 
control problem. 

1.2 Test Description 
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The second part of testing included running the computer program using the 
KSC or shaft position encoder feedback, exercising the launcher in all programmed 
functions, observing launcher responses, and recording data for postmortem evaluation. 

1.2.1    INPUTS 

?.n the absence of operational launcher environment (director, continuous 
control) certain functions were selected as representative of those that would be 
necessary in the operational configuration. To arrive at a set of parameters 
that satisfy feasibility demonstration requirements, control functions of the 
same magnitude as those used in the launcher acceptance tests were used as 
guidelines. Reference functions used by the digital computer program consist 
of step functions, ramp functions, sine waves, and combinations of these wave 
forms. Table 5-1 listi the control functions available to the computer program. 

TABLE 5-1. COMPUTER PROGRAM REFERENCE FUNCTIONS 

i                 Train Elevation 

STEPS (DEGREES) 

1                       1 1                     | 

1              io 10 

45 45 

90 60 

RAMPS (DEG/SEC) 

5 5                     | 

20 IS                     1 
30 

SINE WAVE 

30-degree amplitude, 9-second period        20-degree amplitude, 9-second period 

17.5-degree amplitude, 4,5-second period   5-degree amplitude, 4.5-second period 

'v'^V ■^V;/;^.'-' 
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Progtam inputs take into consideration the following launcher response 
limitations: For train - maximum position, 0 degree to 1170 degrees; maximum 
velocity, 38.S deg/sec; maximum acceleration, 120 deg/sec per second. For 
elevation - maximum position, 0 degree to 116 degrees; maximum velocity, 
25 deg/sec; maximum acceleration, 94 deg/sec per second. Program inputs 
were also designed to prove the capability of the launcher to follow and 
synchroniz« to signals in accordance with the accuracies and times of those 
specified in tables 9, 10, and 12, chapter 9, NAVWEPS OD 10729, of reference 
K. Part 6, Section 2.4. 

1.2.2   ANTICIPATED TEST RESULTS 

Since the program was designed as a feasibility demonstration, the actual 
teat of program accuracy and completeness was dependent upon observed and 
recorded launcher response to programmed control function inputs. If 
launcher response was within the allowable error perimeters shown in tables 
9.10. and 12. chapter 9, NAVWEPS OD 10729, the program was considered 
valid and complete. This program represents a demonstration of techniques 
that can be refined and used in the citation of the launcher control portion 
of an operational fire-con'.rol system. 

2.0 SCHEDULE 

The feasibility demonstration and program test activities were scheduled for the period 
10 July 1968 through 28 August 1968. The Hist two weeks of the scheduled test period 
were occupied with cabling equipment in the necessary test configuration, resolving various 
interface problems, debugging computer program routines, and making mechanical adjust- 
ments to the launcher power drives. The balance of the test period was devoted to actual 
test and demonstration activities. All tests were done on a non-interfering, after-hours basis, 
so that the launcher would be free for scheduled classes during the day. 
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3.0 TEST SUPPORT REQUIREMENTS 

The following paragraphs list the test support requirements in terms of personnel ' iuip- 
ment. and computer progiams. 

: 

I 

L 

3.1 Personnel Requirements 

NELC was responsible for the management and evaluation of the Mk 112 launcher 
tests. Support in resolving launcher interface problems was made available from Naval 
Underwater Weapons Research and Engineering Station (NUWRES). The following 
personnel were required to carry out the test activities. 

a. Four electronic engineers, including a project manager, test director and two 
engineers responsible for test documentation and program execution. 

b. Two electronic technicians, one of whom was stationed at the launcher control 
panel. 

t 
3.2 Equipment/Facility Requirements 

Facilities for the test were provided at NWTCP adjacent to an ASROC Mk 112 
launcher that was made available, along with a dummy director, by NWTCP. All other 
necessary equipment, including interconnecting cabling, was housed in a 40-foot semi- 
trailer obtained on loan from the U.S. Naval Schools Command, Mare Island, California, 
and transported to the test site. A listing of the equipment requirements is contained in 
Fart 6, Computer Program Test Specification. 
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3.3 Software Requirements 

In addition to the computer program, the following supporting programs were 
required in the conduct of the tests: 

a. "UPAK IB" - 1218 Utility package. 

b. "TRIM II FIELD-DATA" Trim II Field Data Code Assembler. 

c. "EDITOR" Raytheon Conversational Software Package for the UNIVAC 
1218/1232 Computer. 

d. Launcher Test Program (Source). 

e. "ICE" 1232 Input/Output Console Test Program. 

f. "DAADCK" D/A Converter Test program. 
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1.0  SCOPE 

Part 6 contains a detailed description of the program tests and feasibility demonstration 
conducted by MELC at NWTCP. The tests required a specialized configuration of hardware, 
including replacement of portions of the launcher system. All equipment necessary to con- 
duct the tests, except the two encoders and two special switch boxes, was housed in a 
trailer transported to NWTCP and placed adjacent to the launcher. Section 3.0, Part 6, 
describes the hardware configuration installed in the trailer, discusses the system environment, 
and gives a detailed account of ttst methods, procedures, and requirements. All program 
functions in both train and elevation were exercised during the tests. 

The test objectives w.-re as follows: 

a. Ascertain the feisibility of utilizing digital contiol techniruts in the operation of 
the Mk 112 ASROC Launchsr. 

b. Establish the validiiy of the engineering analysis and techniques employed in 
simulating a conventional launcher environment 

c     Validate the results, in terms of hardware response, of hybrid simulation conducted 
atNELC 

d. Accumulate test data for determination of a transfer function model of the 
launcher system. 

e. Test the digital computer program for accuracy and completeness. 

f. Determine optimum sampling rate for overall system performance, considering 
both the launcher response and conservation of computer time. 

g. Gather test data for evaluation and application to future digital fire-control 
problems. 

All test objectives were achieved. The results indicated that digital control of the 
Mk 112 ASROC launcher is entirely feasible. The basic program design, although in no 
sense an operational configuration, proved to be sound and completely adequate for the 
mission performed. 

2.0  APPLICABLE DOCUMENTS 

The documents listed in paragraphs 2.1 through 2.4 are applicable to Part 6. 

ISS 
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2.1 Computer Program Test Plan, Mk 112 ASROC Launcher 
Digital Control System 

Put S outlines the scope of testing to be performed and the support requirements 
for testing in terms of personnel, facilities, and equipment 

2.2 Computer Program Performance Specification, Mk 112 
ASROC Launcher Digital Control System 

Part 2 provides a logical, detailed description of the performance requirements of 
the computer program. It also describes the hardware interfaces in terms of applicability 
to the feasibility demonstration tash. 

2.3 Computer Program Design Specification, Mk 112 ASROC 
Launcher Digital Control System 

Part 3 provides an overall description of the functions of the computer program 
and detailed information concerning each routine. 

2.4 Other Publications 

/ 
i 
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b. Ntvtl Underwater Weapons Research ami Engineering Station TM 379, Operational 
Tests of the ASROC Launcher MK112 With Simulated ASROC and ERA Missile Loads. 
by W. B. Culiison. CONFIDENTIAL. November 1966 

c Naval Electronics Laboratory Center Drawing RAAC 340.1-2230, Encoder-Synchro 
Assembly. March 1968 

d. Univac PX 2526.4 vols., Technical Manual For Type 1218 Digital Data Computer. 
May 1964 

e. Bureau of Ordnance Drawing LD 541S10, ASROC Weapon System FCC Mk III 
Functional Schematics For DD 710 Class Ships. 28 June 1961 

f. Univac PX 2910, Revision A, Programmers Reference Manual For UNIVAC 1 '18 
Computer, December 1963 

g. Bureau of Ships NavShips 94093(A), v.2. Technical Manual For Digital Data 
Converter CV-U23/USQ-20(n Section 8. v.2. 14 June 1963 

h.     Naval Electronics Laboratory Center. Computer Program Performance Specifications 
For the MK 112 ASROC Launcher, by D. L. Buck, 38 June 1968 

L      Bureau of Weapons NavWeps OP 238S, v.2 (Revision 1, Change 2), Launching 
Group MK 16 Mods 1. 2. 3 and 4. Train Power Drive MK 61. Mods 0 and 1. Elevation 
Power Drive MK 62 Mods 0 and 1. and Power Drive Amplifier MK 153Mod 0 
Amplifler Chassis; Description and Maintenance. 14 May 1965 

J.      Navy Electronics Laboratory Technical Memorandum 977, Digital Multiplexer For 
the 1218 Computer, by R. W. Nowlin, 11 August 1966 

k.     Bureau of Weapons NavWeps OD 10729, Revision 5, Launching Group MK 16 
Mod 4 Shipboard Installation and Checkout. Instructions For. CONFIDENTIAL, 
14 February 1962 
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3.0 REQUIREMENTS 

Paraguphs 3.1 through 3.7 define the detailed test requirements for the feasibility 

demonstration, including test management, personnel, hardwire, functions tested, and 
procedures. Test results are documented in Section 6.0, Part 6. 

3.1 Test Management 

All tesi activities conducted at NWTCP, during the period 10 July to 28 August 

1968 were the responsibility of NELC This responsibility included not only the 
actual conduct of the feasibility demonstration and program tests, but implementation 
of the test setup. Cabling equipment in the neensary test configuration, resolving 
intenacc problem«, and verifying equipment operational status constituted major 
portions of the hardware setup requirements. Technical and mechanical assistance 
in irras concerned with the Mk 112 ASROC Launcher was made available by NWTCP. 

I 

3.2 Personnel Requirements 

Table 6-1 lists the NELC personnel involved in the test activities. The services 
of NWTCP were used on an as-needed basis. NWTCP personnel assisted with all 

mechanical and technical problems concerned with the ASROC Liuncher on a part-time, 
•»■required basis. The following personnel were present as observers during the feasibility 
demonstration: 

. 
A 
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TABLE 6-1. PERSONNEL REQUIREMENTS 

I 

!         PERSONNEL CLASSIFICATION DUTIES                I 

!         D.W.Doherty 
1         (NELC) 

Electronic Engr. 
(Project Manager) 

Overall administrative and 
technical supervision or pro- 
ject Coordination and direc- 
tion of test activities and syt- 
tcm design. 

D. L Buck 
(NELC) 

Electronic Engr. Program execution, test mom- 
toring. resolution of design 
problems, and test documen- 
tation. 

R L Brock 
(NELC) 

Electronic Engr. Test monitoring, test docu- 
mentation, and administrative 
details. 

R W. Nowlin 
i         (NELC 

Electronic Engr. Computer programming, hard- 
ware interface resolution, test 
preparation, and hardware and 
software consultation. 

P. G. Sibcrt 
(NELO 

Electronic Tech. Initial equipment installation 
and interconnection, trouble 
shooting, equipment checkout. 
and test monitoring. 

G. F Grable Electronic Tech. Initial equipment installation 
and interconnection, trouble 
shooting, equipment chec out, 
and test monitoring 
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3.3 Hardware Requirements 

The testing equipment was housed in the trailer except for the two special switch 
boxes located in the ASROC Control Room and the two encoders located in the train 
and elevation receiver regulators Mk 46 and 47, Mod 2. The cable listing and description 

are covered in paragraph 3.3.3. The location of hardware in the trailer is shown in 
figure M. 

The computer and peripheral equipment are as follows: 

Digital Computer, Model CP 789 (UNIVAC Type 1218). 

Paper Tape Unit, Type 1232 Input/Output Console. 

The supporting equipments, which Include some of the special testing assemblies 

designed and built by NELC, are as follows (miscellaneous types are not listed): 

Digital Data Converter, Model CV 1123/USQ-20( V). 

DigitaMo-Ar.alcg Converters. Packard Bell Model DA6. 

Operational Amplifiers, Zcltex Model I42C. 

4-Channel Strip Recorder, Brush Model Mark 200. 

Shaft-to-Digital Encoders, Datcx Model 12-300-27. 

+6-Volt Power Supply, Sorensen Model Q Nobatron QRC10-8A. 

•12 Volt Power Supply, Sorensen Model Q Nobatron QRC 20-8A 

♦IS-Volt Power Supply, Sorensen Model Q Nobatron QRC 20-8A 

•IS-Volt Power Supply, Sorensen Model Q Nobatron ARC 20-8A 

3.3.1    HARDWARE DESCRIPTIONS 

a. I 

b. 6 

c 2 

d. 1 

e. 2 

f. 1 

!• 1 

h. 1 

1. i 
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3.3.1.1    Comnwnd Sector Control Pan* Logic i 
\ 

L V>^l 

The Command Selector Control Panel is described sufficiently 
["■ ^H 

in other sections of this document, but associated with the panel 

^9 is the logic shown in figure 6-2. All the switches associated with 
P' "SB the data bits (2° • 2>T) are two-position toggle switches. The 
rV'^^B switch associated with the flip-flop is a spring-loaded, pushbutton 

type. The data word, to be generated by this nanel and logic, is 
^:3| selected by setting the desired toggle switches to give zero volts. 

t   4^1 After the appropriate switch selection has been performed, the 
- *Ä pushbutton switch is pushed. This puts 0 volt on the set side of 

4^^l the flip-flop, causing it to switch io the set state. The output of 

:  9 the flip-flop changes states and causes the line driver to send an 
Input Data Request (IDR) to the computer. After the computer 

F   ^^^| recognizes the IDR, it reads the data of the switch sett ngs and 

h'.jji sends an Input Data Acknowledge (IDA) to the Command Selector 
Control Panel that resets the flip-flop and drops the IDR. A new 

^M command is generated by resetting the desired switches and again 
actuating the pushbutton switch. 

€ 
331.2    Command Selactor Control PMMI Logic 

:;iS The Command Selector Control Panel is described sufficiently 
in other sections of this document, but associated with tits panel is the 

^3 logic shown in figure 6-2. All switches, except the one on the left 
of figure 4-3, are of the two-position toggle variety. The left-most 

' '<j(H switch is a spring-loaded pushbutton type. The data word generated by 

M this panel is selected by setting the desired switches to give zero volts. 
•Mm After switch selection has been performed, the pushbutton switch :1 is pushed, setting the flip-flop, activating the line driver, and generating 

an Input Data Request at the computer. When the computer reads 
the data, it sends an Input Acknowledge, resetting the flip-flop, and 

si   ^1 dropping the IDR. 

mm 
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3.3.1.3    Spwial Logic ChMit 

Included in this special logic chassis are the necessary components 
to interface the D/A converters and the encoders with the computer. 
The philosophy and operation of the computeMo-D/A-converter 
interface are adequately ptesented in reference j. Section 2.4, Part b. 
There arc some differences between the interface described and the 
interface used in the tests at KWCTP. Instead of feeding the external- 
function code bits directly into the D/A selection circuitry, they are 
inverted before being applied. The extemal-funct in code for 
selecting D/A 1 through 6 then becomes 000001,, 000002,, 000004,, 
000010,, 000020,, and 000040, instead of as given in reference j. 

The encoder-to-computer interface is shown in figure 6-3. The 
Datex encoders require the following control signal characteristics: 

a.     Before Interrogation, 

Inhibit - -12V 

Store/foUow    * 0V 

b.    Start of Interrogation, 

Inhibit • 0V 

Store/follow    = 0V 

c.     lOOfi sec after start of Interrogation, 

Inhibit - 0V 

Store/follow    -  -12 V 

(Computer reads data at this time.) 
The interface was designed to ensure that the encoder receives 

these signals as needed and that the computer does not read the data 
until the encoder is ready. The Schmitt triggers arc used for shaping 
computer pulses and activating subsequent circuits. An external 
function and external-function code are sent by the computer to 
initiate action and to select the desired encoder. External-function 
signal "A" is applied to OR Gate 1, resetting Flip-flops 1, 2, and 3, 
deactivating Line Drivers I, 2, and 3, and activating Line Driver 4. 
This enjures the inhibits to be -12V, the store/follow to be 0 V, and 
the input data request deactivated. Several n sec after these events, 
external-function signal "B" is applied to the AND gates, gating the 
external-function code and selecting the desired encoder. This sets 

164 
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the proper flip-flop and activates the correct line driver, forcing 
the inhibit of the selected encodei to 0 V. OR Gate 2 applies the 
output of the flip-flop selected to One Shot 1 The output of this 
circuit is delayed 100M sec, after which Flip-flop 3 is set. activating 
line Driver 3 and deactivating Line Driver 4. 

These actions drive the input daU request to 0 V (activated) and 
the store/follow to -12 V. The computer reads the data at this time 
and then sends an Input Data Acknowledge. The IDA generates the 
same sequence of actions as does external function signal "A." The 
sequence of events can now be reinitiated. The logic chassis also 
contains (but is not shown in flg. 6-3) the necessary circuitry to con- 
vert the encoder data bits to the level acceptable by the computer and 
for converting computer data to the level acceptable by the D/A 
converters. 

3.3.1.4    MoJt Sctoctor Control Panal 

The Mode Selector Control Panel, designed and built by NELC, 
controls the conflg-iration of the launcher system in both train and 
elevation. Only the train part of the panel will be discussed since the 
elevation functions are identical to that of the train. The remote 
position (fig. 6-4) allows the launcher to be operated, in its normal 
mode, from the Launchc* Captain's Control Panel Mk 199. The 
STANDBY position freezes all launcher operation by disconnecting 
control of the power drives from the Mk 199. Manual control of the 
launcher at the Mode Selector Control Panel is obtained with the 
Mode Selector switch in the VELOCITY position. In the velocity 
mode, the operator can position the launcher to the left or right by 
turning the MANUAL CONTROL potentiometer, which adjusts a 
control voltage applied to the power amplifier driving the torque 
motor. When the switch is in the DIGITAL position, the launcher 
power drives are controlled by the computer program. 
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9                   5 
121S Computer Output Channel S to KSC input 

PI                    6 1218 Computer Output Channel 6 to logic chassis 
I'm 
tl                             7 

ll                             8 
1                             9 

1218 Computer Output Channel 7 to 12321/0 Console input 

Train shaft encoder to logic chassis 

Elevation shaft encoder to logic chassis 

1                            l0 
19 

Logic chassis to DA6 Rack 1 

1                          " 
Logic chassis to DA6 Rack 1 

It                         ,2 
Logic chassis to DA6 Rack 2 

U          i3 
Logic chassis to DA6 Rack 2 

n fm 

Efl t| ANALOG DATA. MISCELLANEOUS 

1                               14 DA6 1 output to Relay Rack 2 (patch ,anel) 

1                               1S DA6 2 output to Relay Rack 2 (patch panel) 
• 

n                i6 i        " DA6 3 output to Relay Rack 2 (patch panel) 

DA6 4 output to Relay Rack 2 (patch panel) • 

M                         18 DA6 5 output to Rtlay Rack 2 (patch panel) 

8                            19 DA6 6 output to Relay Rack 2 (patch panel) 

B         2o Brush Recorder to Relay Rack 2 (patch panel) 

■                           21 Mode Selector Control chassis to Captain's Control Panel (Mk 199), Train 

9                           22 Mode Selector Control chassis to Captain's Control Panel (Mk 199), Elevation 

!|                          23 Relay Rack 2 (patch pane!) to variplotter (X- / recorder) 

1                   24 
Train synchro to KSC 

11                           25 1 ' fl 
Elevation synchro to KSC 

■ 
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CABLE 9 

Title: Elevation shaft encoder to logic chassis 

Length:        100 feet 

Connecton: Encoder: KOA6-21S20-38 SN 

Chassis: Bendix 2041S SR 

Number, pins Function Number, pins 

-ISVdc V 

Common (0 V dc) D 

♦ISVdc X 

Store-follow A 

Inhibit Z 

2° E 

2» F 

2» G 

2» H 

Parity 1 (not used) 

* J 

2J K 

2* L 

27 M 

Parity 2 (not used) 

2» N 

2» P 

2io R 

2" S 

^ T 

2" U 

2'« w 
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Number, pins 
(Encoder) 

CABLE 9 (Continued) 

Function 

Te« I (not uied) 

Tett 2 (not u«ed) 

Number, pin» 

CABLE 10 AND 12 

Hue: Logic chmi» to DA6 lUck I «nd Rack 2 

Length:       5 feet 

Connector»; Winchester MRE 26H XMRE 2(W)300 (both ends) 

Number, pins Function Number, pins 

N 2» N 

P i" P 

R 2,, t 

V Convert triiger V (DA6 1 and 4) 

W Convert trigger V (DA6 2 and S) 

X Convert trigger V (DA6 3 and 6) 

AA Common (0 V dc) AA 

> 
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CABLE HAND 13 • 

Title: Lope chsaa to DA6 nek 1 and rack 2 

Length: Sfect 

Connectors: Winchester MRE 26H XMRE 26^)300 (both ends) 

Number, 
(Chum 

pins                                Function                          Number, pins 
P6)                                                                           (DA6-J34r 

A 2»                                         A 

B 2»                                        B 

C 2l                                       C 

D 2'                                        D 

E 2*                                        E 

F 2»                                        F 

H 2*                                        H 

J 2'                                        J 

K 

L 

2«                                        K 

2»                                        L • 

M 2»°                                      M 

N 2•,                                      N 

P 2»                                      P 

R 2,,                                      R 

CABLES 14. IS. 16,17. 18, AND 19 

Titk: DA6 1. 3. 3.4. S. and 6 outputs to Relay Rack 2 (patch panel) 

Length: Sfect 

Connectors: DA6:                      Microdot 
Patch Panel:            Phone jack ADC PJ 318 

Number, pins                                  Function                           Number, pins 

Note:   Converter analog output to patch 
panel via microdot cable. 

• 
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CABLE 21 AND 12 (Continued) 

Number, pins Function Numocr, pint 
(MSCC) (Chassis, TB) 

C Torque Motor center Up End of wire removed from 7 

D Torque motor 3+ 6 

E Torque motor B+ End of wire removed from 6 

F Stroke potentometer 3 

G Stroke potentiometer End of wire removed from 3 

H Tachometer 1 

I Tachometer End of wire removed from 1 

J Torque motor ground 8 

K Torque motor ground End of wire retiiuocd f;cr. r 

L Stroke potentiometer and 
tachometer ground 

'H 

M Stroke potentiometer ». d 
tachometer ground End of wire removed from 2 

CABLE 23 

Title: Relay Rack 2 (patch panel) to variplotter (X-Y recorder) 

Length 20 feet 

Com : Varipiotter: 
Patch Panel: 

PI   Amphenoi-201356-3 
Phone jack ADC PJ 318 

Nu.iitc. nns 
(Vari(!vter-Pl) 

Function Number, pins 
(Patch Panel) 

A Arm (high) J27 (A and B) Hi 

C Pen (high) J28(AandB)Hi 

D +10Vref. Zener from-HSV 

E GND (chassis) Chassis 

L Arm (low) J27(AandB)Lo 

N Pen (low) J28 (A and B) Lo 
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CABLE 24 

\  \ 

Title: Train synchro to KSC 

Length:       100 feet 

Connectoi..: Train synchro (Mk 199): 
Keyset Central: 

TB-2 
AU13-MS-1057-1 OB (Cannon) 

Number, pins Function Number, pins 
(TB-2) 

1 Rl 

R2 

SI (IX) 

S2(IX) 

S3(IX) 

SI (36X) 

S2(36X) 

S3(36X) 

CABLE 25 

Title: Elevation synchro to KSC 

Length: 100 feet 

Connectors: Elevation synchro (Mk 199):   TB-3 
Keyset Central: Al J12-MS1057-10B (Cannon) 

Number, pins Function Number, pins 
(AIJI2) 

Rl J 

.   R2 I 

S3(IX) C 

S2(IX) B 

SI (IX) A 

S3 (36X) F 

S2 (36X) E 

SI (36X) D 

177 

i 

-:.V^-,.. 



■PLl— ^immPMIiiAij II   . ^ .1 J.I.JIJIVJIPU   im I KJI .iiili.Ll . 

. — ^.    -   -    -.I   1    i    Miainiii _   ....   -'-"■—   - --   -'-—       -^ 



p ^^^^^      II.   IM   ■>■■ ■J.^.l.l^.l,,,,!,,^^^ 

1 

.i„.   m,     ». 



"^"'•"■■'^^^■WTPwy^j 

*      1 

.l^v 
• -■■  -    ■ - ■ 



r 

■ liHüWUHUWU    .i      u —-—^—r-,-. 

\ \, 



p —^» 

# 

TABLE 6-2. COMPUTER PROGRAM RLT-RFNCE FUNCTIONS 
 1 

1       Steps Ramps Sine wave                      1 

|        Wet) (deg/sec) 

,          1 5 304egree, 9-second penod 

10 IS l7.S-depee. 4.5-iecond period 

^5 20 20-degrte, 9-second penod 

SO 30 S-degree, 4.S-second period   { 

75 

|        160 

3.6.4   OPERATOR ACTIONS 

System operation subsequent to initialization and encoder or KSC 
selection requires only switch and pushbutton action at the Command 
Selector Control Panel. Figure 6-6 shows the panel and identifies the switches. 
The four-switch array on top of the panel controls all train function inputs to 
the computer, with the switch at the extreme left representing the least 
significant digit The four-switch array on the bottom of the panel controls all 
elevation function inputs to the computer, with the least significant digit 
located at the extreme left. After appropriate switch settings arc made, the 
selection is entered into the computer by depressing the Input Data Request 
button. Switch settings merely set a binary code that calls up the function 
requind after being entered into the computer. The functions and their 
binary code are shown in table 6-3. Switches are set by placing them in the 
UP position. 

It should be noted that, regardless of the switch settings, no new launcher 
commands will be executed until the 1DR pushbutton is depressed, thus iig- 
naling the program to interrogate the panel. 

Step functions are executed by a direct and immediate movement to the 
new commanded position. Ramp functions impart a rate of change, or velocity 
component; thus the combinations shown in tables 6-3 and 6-4 (30-degree step 
plus 1S deg/sec ramp to 90 degrees; 604egrrc step, minus 20 deg/sec ramp to 
•60 degrees; 20-degree step, plus 1 S/deg/scc ramp to 65 degrees; afld bO-degree 

182 

«Jw^kv^ äCW'; ••) v •*• ■;'** ••• < > -^i- -' w * 

^M 



TRAIN FUNCTIONAL SMTCNU 

INTUT 
DATA © ® ® <? NOISC                 | 

KLtCTION            1 

© 1* 1»                           l' 

tWWOWTION TOGGLES) ® 
MQUfST ® ® ® 

^ 

■MITCH                 1 

1 
tUVATWN FUNCTIONAL SVMTCHES 

Fifure 6-6. Command Selectoc COP'IOI Ptnel. 

TABLE 6-3. TRAIN POSITION COMMAND SWITCH SETTINGS 

1   Function Binary code Control panel switch setting 
(function) 

|   Generate lero position command 0000 None 
1    l-degree step 0001 .                             1 

10-degree step 0010 2                   j 
45-<legret step 0011 1.2 
9<Wegrtc step 0100 3                    i 
75-degree square wave 0101 1.3 
S-deg/sec ramp OHO 2.3 
20Kieg/sec ramp Olli 1.2.3 
30deg/sec ramp 1000 4                       j 
30-de(ree step, plus 1 S-deg/sec 

ramp to 90 degrees 1001 1.4                       ! 
j    60-degree step, minus 20-deg/sec 
1     to -60 degrees 1010 2.4                     1 

30-degree amplitude. 9-sccond 
;     period sine wave 1011 1.2.4                    | 

17. S-degree amplitude. 4. S-second 
period sine wave 1100 3.4                     { 

)S3 

'*,'$ .'-V 

'■ ' '  rlw—üaMM—Mi^Maa 



TABLE 6-4. ELEVATION POSITION COMMAND SWITCH SETTINGS 

j    Function Binary code i Control panel switch settings 
(function)               ! 

i    Generate zero position command i              0000 None 

1     l-degree step 0001 I 
{    lOdegrec step 0010 2 

1    45-degrec step 0011 1.2                   \ 

6(Wcgree step 0100 3                   [ 
4S-<iesree square wave 0101 1.3 
5-deg/sec ramp 0110 2.3                   | 

|    IS-dei/sccramp 0111 1.2.3 
2(Megree step, plus I S-deg/sec 

ramp to 65 degrees 1000 4 
60-degrce step, minus 1 S-deg/sec 

ramp to zero 1001 M                    | 
•2(Wegree amplitude, 9-second 
period sine wave 1010 

2.4       i 
••5-degree amplitude, 4.5-second 

period sine wave 1011 1.2.4 

•Offset from zero 30 degrees upward 
••Offset from zero 20 degrees upward 

step, minus IS deg/sec ramp to zero) furnish both a position and a velocity com- 
mand. In similar fashion, the 75 ' "Hiegre^ square-wave input furnishes a com- 
mand that drives the launcher to t»« 75 (45)-degree position, returns it to 0 degree, 
drives it back to 75 (45), returns it to 0 degree, etc., until another command is 
executed. The sine-wave input introauces a sinusoidal movement, about 0 degree 
in train. 

Since elevation will depress below horizontal only a few degrees, the 
sine-wave command is biased above the horizontal position. A sinusoidal 
motion is thus produced around this biased position. Typical functions are 
shown in Figure 6-7. 

Complete operating instructions are given in Part 4, Computer Program 
Operator's Manual. 
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3.ft.1    PRE STANDBY VALUES 

Static data items contained within the computer program ire, for the 
moat part, contained in the three tables stored upon program initialization. The 

noise table (NTABN) and the two error curve tables (TETABN and ELHTBN) 

contain static values that become dynamic program inputs when called by 
appropriate operator switch «fiisn (par. 3.S.4). The noise table is used to 

modify commands in both train and elevation; TETABN is used to compensate 
train, and ELETBN is used to compensate elevation. In addition to the static 
values stored in the tabln, certain constants used for internal computation are 

part of the static data. 

3.6w2   RANGE OF PARAMETERS 

Inasmuch as the feasibility demonstration program tests are directed toward 
launcher control within already established error limiu, major emphasis is 
placed upon the generation of digital input signals to create launcher response 
that meets or exceeds system criteria. The following response parameters were 

considered: (l)position,-ISO degrees to ^I73 degrees in train and up 116 

degrees and down 32 degrees in elevation; (2) velocity, 40 deg/sec in train 
and 25 deg/sec in elevation; and (3) acceleration, 120 deg/sec per second in train 
and 94 deg/sec per second in elevation. To demonstrate digital launcher control 
satisfactorily, the input functions selected paralleled the functions listed in 

reference k. Part 6. paragraph 2.4. Since these functions are deemed adequate 

for acceptance testing of the launcher itsJf, it is believed that they constitute an 
adequate test of the digital program capabilities. 

3.6 3   REQUIRED ACCURACIES 
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DATA COLLECTION METHODS 

The test» were monitored both visually and electronically. Visual data 
were fathered by test obseiven and conductors in the form of test logs and 

notes. In tests to determine the effects of sampling rates, test personnel rode 
the launcher to ascertain by feel if any ro"«hne$s of operation was 
encountered. Electronic data collection was accomplished by use of a Brush 
Recorder that produced strip recordings of test responses for later evaluation. 
In addition to observer and electronic data, a comprehensive photographic 
record of launcher response during the feasibility demonstration was made. 

3.16   ANALYSIS TECHNIQUES 

The results and data were subjected to immediate post-test analysis, con- 
sisting of discussion of visual results and comparison of output recordings against 

known input values. In addition to the immediate evaluation, all test data 
accumulated during the series of demonstrations were saved for later analysis 

and evaluatkn by NELC Conclusions and test results are documented in 

Section 6.0, Part 6. 

3.6.6   REPORTING REQUIREMENTS 

 ,  
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Xe.7   TEST INPUT VALUES 

Test input value« ire discusted in ptninph 3.S.4 and shown in table 6-3, 

3.6.8 EXPECTED OUTPUT VALUES 

Test output values are referenced in paragraph 3.6.3 and the required 
response accuracies are given in reference k, section 2.4. 

3.7 Procedure for Test Conduct 

For each series of tests, the general procedure remained essentially the same. As 
discussed in paragraph 3.5, tests were conducted with the option of two distinct methods 
of inputting launcher position - either via encoders or through KSC. After the hardware 
was configured to meet test requirements and the appropriate switch settings made, 
program operation for either input was the same because the computer program contains 
all routines for both inputs. Specific instructions for program operation are contained 
in Part 4, Computer Program Operator's Manual 

3.7.1    O'NERAL PROCEDURE 

U     t 
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d. Set computer Skip Key 2 to »elct the appropriate mode of input 

e. Start the computer. The computer IUM ttuough initialization, then 

S-ttopi. 

f. Restart the computer. 

g. Set alt switches on the Command Selector Control Panel to the OFF 
position and depress the Input Data Request pushbutton to zero the system. 

h.   Request the teM pcnonnel in the ASROC Control Room to set switches 
on the special switch boxes to allow selection of mode at the Mode Selector 

Control Panel in the trailer. 
L    Set the mode selector switch on the Mode Selector Control Panel to 

diptal position. The computer p igram is now controlling the launcher. 

j.    Exercise the launcher in various control functions by making appropriate 

•witch settings at the Command Selector Control Panel 

4.0 QUALITY ASSURANCE 

No formal quality assurance procedures were undertaken during the test activities 
since the tests were for feasibility demonstration only. To insure applicability and adequacy 
of the control functions used as test inputs, thise portions of the program were subjected 
to rigorous in-house testing at NELC through digital simulation of launcher functions. In 
essence, the tests ronducUd at NWTCP and the results obtained constituted a valid assurance 
of the quality o the program and * «tnCication of the concepts involved in its creation. The 
nature of this program, requin .| p-w snSy that launcher control be exercised by digital 
techniques, but that the envin>fim^>tal iir>* necessary to launcher operation be included 
in the program itself, made it mandatory that all elements of the program be carefully con- 

structed. 
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TABLE A-l. (Continued) 

005415 
0lfl54l 
tMtbAZ 
Ü0543 
l2(-.544 
?.0545 
«054S 
«0547 

k)55l 
k)55ti 
15550 
k)5U0 
1727 
10SJ7 
14700 
0000 

45 CKN 
46 OKIN 
47 CK2N 

CENTAU'AZERON 
OBSK'tLCTN 
DJP'ELOOPN 
DIJP'INITN 
D^^l727, 

01027' 
0700* 

50    OTEMPN    oq' 

0('i550 
00551 
00552 
00553 
00554 
00555 
00556 
00557 

00560 
00561 
00562 
00563 
00564 
RW565 
00566 
00567 

00570 
00571 
00572 
00573 
00574 
00575 
00576 
00577 

00600 
00601 
00602 
00603 
•00604 
00605 
00606 
00607 

0000 
0000 
0764 
1727 
K027 
0700 
0764 
0000 

1226 
1227 
1313 
1314 
1171 
1227 
4202 
1227 

1226 
1231 
4316 
1232 
1315 
1316 
1317 
1320 

1171 
1316 
4202 
1316 
1315 
1235 
4316 
1236 

51    □ 00' ■ 
52    DAZERON OB* E 
53    DLCTN O50Ol), j^^^^B 
54    DEKN 0121727' I 
55    CEKIN 01027* ^^^H 
56    DEK2N 0700* 1 
57    GELCTN O50OU' 1 
60    CCXECTN OO'UHHOUHAM ENTRANCE CELL   . 1 
61    OTRVELN ctNTAL'VTEMPNOCALCULATE FEEbFBRWARO VELBCITY ^BB 
62    0 OSTRAL'VTEMPN+l 1 
63    0 CENTAL'KOFTN 1 
64    0 DSUBAL'KOFTINONEW VELBCllY i^^^R 
65    0 cnULAL'VARCON H 
66   a OSUBAL'VTEMPN + IWELBCITY FILTER 1 
67    CWTIMEN ORSHAL'2asAMPLE  TIME DEPENDENT ^H^B 
70    D OAPDAL'VTEMPN+l 1 
71    a OSTHAL'VTEMPN 1 
72   a OMULJVL'VSIZEN H^^B 
73    D DRSHA* \*\) PI   1 
74   a OSTHAL'VELOCN IS 
75    C£LVELN CENTAL'LVTMPNOCALCULATE ELEV FDFRD VEL8CITY HB^H 
76   a CBTRW 'EVTMPM+l I 
77    0 CtNTAL'tROFTN ^S^^B 
100   a OSUBAL'LROFTN+l 1 
101   a CMULAL'VARCON I 
102   a OSUBAL'EVTMPN+l 1 
103    DETIMEN  DRSHAL^ 1 
104    a DADUAL'EVTMPN+l IHHB 
105   a OSTRAL'EVTMPN 1 
106   a OIULAL'ESIZEN 1 
107   a ORSHA* I4D 1 
110    0 DSTRAL'tVELCN 

201 1 
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TABLE A-KContinu««) 

0061(1) 12   1237 111 OTKSCIN COTAL'iHPISNOlNPUT  TRAIN PBS1T1PN 
00611 44  0112 112 a OSTKALMl?. 
C06I2 50   1305 113 D C€XFCT,5,AP'2,RiCC0N 
00613 00   1242 
0(1614 00   1240 
00615 50  2705 114 a CEXFW5 
00616 34  0616 115 □WAIT1N OJP'WAITIN 
00617 50  3000 116 OREENTN ORIL' 

00620 12  0113 117 a CENTAL'IIS 
00621 02'  ,240 120 a GCMAL'REQCON 
00622 61   0626 121 a njPEO'BUFERN 
00623 02   1246 122 □ aCMAL,TW0N 
00624 61   0636 123 a OJPEU'INDIN 
00623 50  5640 124 o QSTMP' 
00626 50   1105 125 OBUFERN oaUFIlTVAO^'IMPBSN 
C0627 00   1243 

00630 00   1242 
00631 50   1305 126 □ CtXFCI'S'AD^MNWDCN 
00632 m   1246 
00633 00   1244 

• 00634 50 2705 127 o C£XF0V,5 
0H635 34   0635 130 0 OjP,Li;h-0 
00636 12   1242 131 OtNOIN PENTAL'INPBSM 
00637 50  4202 132 a C3RSHAL*2 

00640 14   1242 133 o QADt)AL,INP0SN 
00641 02   1247 134 a OCMAL'PIKON 
00642 67  0644 135 a aJPMUH,L0K+2 
00643 16   1250 136 a a5UBAL,P360N 
00644 50   61U0 137 c OCPAL' 
00643 44   1321 140 □ OSTRAL'Cl'f IN 
00646 12   1313 141 a OENTAL'HUFTNONFW  POSlTIfcN C0t1HAND 
00647 16   1321 142 D CSUBAL'ClfTNnPRESENI  TRAIN  P0S1T10N 

00650 44   1251 143 OLEXITN CSTHAL'AlR^nSTORE  ERRBR 
00651 44   1252 144 a OSTKAL'AIRIN 
M)652 10   1251 145 n OENJAU'AIRN 
015653 50   4412 146 a DSF*10b 
00654 12  tf017 147 □ CfNTAL'H 
00655 M   0713 15W a DJPALZ'SWJPN 
00656 40   J17M 151 o    . QCL'MWIUPN 
00657     50   7201      152     GECTABN  CENTlCK*lOTRAlN  ERROR CURVE  TABLE  L00KUP 
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TABLE A-l (Continued) 

006(>U 36 0000 153 a CENTBK,0aZER0S  B B0X1 
00661 12 1251 154 6 CENTAL'AIRN 
C0662 65 0666 155 0 OJPALP,L0K+4t3JUMP  IF  ERR0P. P0ITIVF. 
00663 50 6101) 156 a QCPAL'OMAKt VALUE  A3SGLUTE 
«0664 44 1256 157 a QSTRAL'TESTNCfLAG,  NEGATIVE MUKBER 
00665 34 0667 160 □ OJP,L0K+2 
00666 40 1256 161 □ OCL'TESTNCfLAQ,  POSITIVE NUMBER                                   i 
00667 44 1257 162 a OSTHAL'TESTN+laSAVE  ABSOLUTE ERROR                             | 

00670 16 1255 163 a QSUBAL'Lir.ITN                                                                           i 
00671 65 Ü674 164 a OJPALP'LOK+S 
00672 12 1257 165 □ CENTAL'TESTN+IOABSOLUTE VALUE                                        1 
00673 34 0675 166 0 QJP'LOKt^                                                                                   I 
00674 12 1255 167 D □ENTAL'LlKITNaPIAXimm ERR£R                                           j 
00675 24 1254 170 D OIULAL'TENQTENTHS  OF  DEGREES 
00676 50 4307 171 a ORSHA*7aREM0VKS SF                                                               ! 
C0677 44 1257 172 a CSTKAL'TESTN-HOSTORE ERROR TABLE INDEX 

00700 32 1257 173 a OCNTB'TESTN+I 
00701 13 1320 174 D QENTALB'TETABN                                                                           j 
007l£2 1Ü 1256 175 a OEKTAU'TtSTNOCHECK  SIGN  OF ERROR                                  ! 

|         03703 
'         00704 

60 0705 176 a QJPAUI'LOK^QJUMP  IF  SIGN POSITIVE 
50 6100 177 a QCPAL'QNEGATIVE ERRCR                                                        | 

00705 50 4203 200 a ORSHAL'SDREDUCE SF7                                                            \ 
00706 44 1260 201 a OSTRAL'MIFZNCXJONTAINS OUTPUT                                         | 
00707 36 0005 202 0 OCLEAR^'TEHISN 

00710 41 1272 
00711 73 0710 
00712 34 0753 203 0 OJP'ADDVLN                                                                                 ! 
00713 57 1170 204 DSWJPN    OISK*M0DJPN 
00714 34 0720 205 a OJP'LESSIN 
00715 50 4401 206 o OBF'l 
00716 12 U017 207 a GENTAL'17 
00717 63 0657 210 a OJPALNZ'LCTABN                                                                       ' 

^.i 
K . 

00720 70 
00721 44 
00722 12 
00723 24 
00724 50 
00725 44 
00726 24 
00727 50 

0001 21 
1170 21 
1251 21 
1326 214 □ 
4314 215 O 
1272 216 O 
1176 2i7 a 

50 4310 220 a 

□ENTALh*I 
OSTHAL'MODJPN 
CENTAL'AlRNaCOMPLETE TRAIN CONTROLLER 
CWULAL'STLIN 
ORSHA*12D 
OSTRAL*TEHISNOSAVE TRAIN ERROR HISTORY 
CTULAL'ACOEFNüAO TIMES EIN) SF22 
ORSHA*8DCSF   14 

» 
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TABLE A-l. (Continued) 

□AI-nAL'THISTN+ZOPREViaOS PARTIAL 
Rt)73l 44 1275 222 D CBTHAL'THISTN 

00732 30 4207 22* G DHSMAL^ 
CH7J3 14 1232 224 nftPPWLN OAlTAL'VELeCNOArD*; vELecm 
01)734 24 1262 Z25 n CtiULAL'PKN 
0*1735 50 4307 226 n CRSHA'T 
0W736 76 1203 227 c DRJP'AYSTN 
B0737 44 1263 250 □ ceTHAL'UOJTN 

£0740 50 1306 231 a CEXFCY^'ADM'TEFN 
00741 eo 1262 
00742 00 1261 
00743 50 2706 232 c CEXfW'6 
00744 50 1206 233 a CdUFHUT'b'AD'I'BiaiTN 
00746 00 1264 
00746 00 1263 
00747 50 2206 234 Q aSKP0iN*6 

00750 
00751 
00752 
00753 
00754 
00755 
00756 
C3757 

34 
12 
44 
50 
00 
00 
50 
00 

0747 
1264 
0112 
1105 
1323 
1322 
1305 
1267 

235 
236 
237 
240 

CEXSCIN 
a 
a 

DJP'LOK-I 
(XNTAL'LRPISNCINPUT 
QSTUAL'lte 
□BUFIN'S'AD'Z'ELPBSN 

00760 00   1265 
C0761 50 2705 
00762 34 0761 
00763 

242 
243 

o OEXFkiVS 
n DJP'LOK-I 

50 34.00    244     CERENTN  CHIL' 
12 0113     245    a CENTAL*113 

O OCMAL'TV^N 
G rJJPEK'ttriM 
a asTOP' 

007Ö4 
00765 02 1246 246 
00766 61 0770 247 
00767 50 5640 25e 

00770 
00771 
00772 
00773 
00774 
00775 
30776 
00777 44 1324  ''.60 a 

12 
50 
14 
02 
67 
16 

1322 
4202 
1322 
124 7 
0776 
1250 
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0100t) 
01001 
01002 
01003 
01004 
0100) 
01006 
0,1007 

01010 
01011 
01012 
01013 
01014 
0101» 
OlOlfi 
01017 

01021» 
01021 
01022 
01023 
01024 
01025 
01026 
01.027 

01030 
01031 
01032 
01033 
01034 
0103» 
01036 
01037 

01040 
01041 
01042 
01643 
01044 
0104» 
01046 
01047 

12 1317 
16 1324 
44 1267 
44 1270 
10 1267 
»0 4412 
12 0017 
61   104» 

40 1224 
»0 7201 
36 0000 
12 1267 
6» 1020 
»0 6100 
44 1271 
34  1021 

40 1271 
44 1272 
16 12»» 
6» 1026 
12 1272 
34 1027 
12 125» 
24  1254 

261 O 
262 C 
263 
264 
26» 
266 
267 
270 

TABLE A-l. (Continued) 

IZNTAL'EReFTNaCM.CULATE 
QSUBW.'tCBFTM 
QSTRAL'LAIRN 
QSTHAL'tAIRIN 
CCNTAU'tAIRN 
OBF'lOl» 
CENTAL*17 
OJP.aZ'ESWJPM 

»0 
44 
32 
13 
10 
60 
»0 
50 

4307 
1272 
1272 
233» 
1271 
1037 
6100 
4203 

271 
272 
273 
274 
27» 
276 
277 
300 

301 
302 
303 
304 
30» 
306 
307 
310 

311 
312 
313 
314 
31» 
316 
317 
320 

SELERL* SmÄEV ERR0R CURVE TABLE L00KUP 
O OEHTBK'O 
O CENTAL *E AIRN 
O QjPALP,L0Kt4 
O aCPAL* 
O OSTHAL'tTESTI« 
a aJP'LOK-»* 

o 
o 
a 
o 
o. 
□ 
o 
o 

o 
a 
o 
o 
o 
o 
o 
o 

CEL'ETESTN 
CBTRAL'ETESTN+l 
CSUBAL'LiniTN 
OlPALP'LOKt* 
CENTAL'ETESTN+I 
CSJP'LKK*^ 
CENTAL'LIPITM 
«ULAL'TEN 

44  132» 321 
36 000» 322 
41   130» 

l\  ISS 323    O QJP'EAÜVLN 

34   1052 32»    O ^.V"1 

50  4401 326    O DSF   » 

1 1 



1 
• H TABLE A-1. (Continued) 

01030 12 0017 327 a             EOTAL'n 
01031 63  1011 330 O               OJPALNZ'ELERLN 
01052 70   0001 331 OELESIN COTALK'l 

1                   01035 44   1224 •332 a               DSTKAL'LLCFGN 
01034 12   1267 333 .OCBMCßN  CENTAL't AI RNCC0MPLETE  ELEV CONTROLLER 
01033 24   132« 334 □               CWULAL'STLIN 

i                   01036 30 4314 333 O               ORSHA'12D 
01037 44   13U5 336 D               OSTHAL'tEHlSN 

01060 24   13019 337 O               CMULAL'LACOFN 
01061 30 4310 340 a               ORSHA'BD 

I                      01062 14   1312 341 C               DADÜAL'LHlSTN+2 
-                   01063 44   1310 342 D               OSTHAL'EHISTN 

'-                      01064 30  4207 343 O               DKSHAL'7 
01063 14   1236 344 QEADVLH  OADDAL'EVELCNOADDS VEL TO ELEV  M(Z> 

:£                  01066 24   126Z 345 D               cnULAL'PKN 
01067 30 4307 346 D               ORSHA', 7 

01070 76   1205 347 O               DRJP'ATSTN 
01071 44   1174 350 O               OSTKAL'tB0UTN 
01072 30   130« 351 D              CEXFCT'ö'ADTELEFN 
01073 00   117« 

• ■m           01074 
i                01073 

00   1175 
30 2706 352 O               CEXF0V'6 

4                01076 30   12^6 3 53 D              OBUF0ÜT'6'AD,1'EB0UTN 
m                01077 

I           0ii0i 

00   1175 

00   1174 
30 2206 354 O               OSKP0IN'6 

LS               01102 34   1101 555 O               DJP'L^-I 
fi               01103 12   1273 356 OTRPDZN  DENTAL  TEHlSN+lOTRAIN  PARTIAL C0NT  CALC 
m          0ii04 44   1274 357 D               OSTHAL'TEHlSN+2 
M             01103 
1                01106 

12   1272 360 O               CtNTAL'TLHISN 
44   1273 561 D               OSTHAL'TEHlSN+1 

j                   01107 24   1177 562 O               C»1ULAL'AC0EFN+1DA1  TIMES EdM) 

!               01110 30  4310 363 D               ORSHA*W 
A                  01111 44   1277 364 O               OSTRAL'THISTN+2 
I                   01112 12   1274 565 O               OFNTAL'TEHlSN+2 
V                  01113 24  120U 566 O               CWULAL,AC0EFN+2 

01114 30 4310 567 O               DRS^A'Bl» 
01113 14   1277 3 7H □               DADI'AL'THlSTr,+2 
01116 44   1277 371 D               OSTRAL'THISTN-r2 
01117 12   1275 572 D               DENTAL'THISTW 

) • 
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TABLE A-l. (Continued) 

^„.miLnrpjui 

§ 

fill 21'. 24 12« I 373 n a-UUL'BCCEFNnBl  TIP1. 
01121 5b 4517 374 D OHSHÄ* IMl 
nn?.2 50 6100 375 O OCPAL' 
«1123 14 1277 376 □ QAl)Ü«L,lHlSTN+2 
(11124 44 1277 377 a DSTKOL'YH151^+2 
»1125 12 1276 Atfti a DEWTAL'THlSTN+l 
Ü112G 24 1202 4ttl Q aiULAL'BCOEFN+l 
C1127 51. 4317 402 a ORSHA'15t) 

01131) 50 6100 *03 n DCPAL' 
(11131 14 1277 404 a DADDAL,THISTN+2 
01152 44 1277 405 D OSTKAL'THISTM^ 
01133 12 1275 4IL.6 a aENTAL'THISTN 
»1134 44 1276 4k)7 D □STHAL'THISTN+I 
131135 12 13116 410 CEIPDZH DENYAL'ttHlSN+lDELEV 
(ill3t> 44 1307 411 n aSTHAL,tlHISN+2 
B1137 12 1305 412 u OENTAL'tfcHlSN 

Oil 4M 44 13fei6 413 a CSTKAL'LEHISN+l 
Olltl 24 1301 414 o CMULAL'tACOFN+l 
01142 50 4310 415 o DRSHA'BD 
01143 44 13'.2 116 ü aSTHAL,tHlSTN+2 
('.1144 12 1507 417 o OENTAL,EEHlSH+2 
01145 24 1502 420 a aiULAL,tAC0FN+2 
01146 5K 431W 421 a ORSHA'81' 
01147 14 1312 422 □ OADliAL'EHlSTN+2 

191150 44 1312 423 □ OSTRAL'tHISTN+2 
01151 12 1310 424 a OENTAL'EHISTN 
01152 24 1303 425 D OMULAL'taCOFN 
01153 50 4317 426 a ORSHA'151' 
01154 50 6100 427 a OCPAL' 
01155 14 1312 430 a aAin)AL'EHISTN+2 
01l5t> 44 1312 431 a OSTRAL,EHlSTN+2 
01157 12 1311 ,432 D OENTAL'LHlSTN+1 

01160 24 1304 433 Q CWULAL'EBCOFN+1 
OlltSl 50 4317 434 a ORSHA'I5li 
01162 50 blOO 435 a OCPAL' 
01163 14 1312 436 o OADliAL,EHlSTN+2 
K1I64 44 1312 437 a OSTRAL,tHlSTN+2 
01165 12 1310 440 a OENTAL'EHISTN 
131166 44 1311 441 o OSTHAL'EHlStN+l 
01167 55 0557 442 o DlJP'EXEgTN 

h(Z) 

PARTIAL C0NT CALC 
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TABLE A-l. (Continued) 

: 

011713 00   0000 443 CWODJPN DO* 
01171 00   0000 444 CVARCON aO'DSAMHLES  PER SECBND 
01 lv72 00   0000 445 trZVELN DO'OTKMIN  M(Z) PLUS VEL0CITY, 
01173 00   0000 446 D CO* 
01174 00   0000 447 DE30U:N 00' 
01175- 00   0004 450 OEL.EFN a4,CPA. NO 3 
01176 10  0000 451 QACOEFN Ot00000'DAß  SF 15 
01177 61   4642 4 52 0 0614642'HA 1  SF 15 

01200 06 3636 453 0 ai363656,DA2  SF 15 
01201 60 3115 454 a3C0EFN 0603 115*031  SF 15 
01202 07  4702 455 a 0074 702'OB2  SF 15 
0120S 00  0000 4 56 OATSTN OO'OOVEKFLOW SUBRCUTINE 
01204 63  1210 457 0 DjPALP'L0K+4 
01203 30 6100 460 D OCPAL' 
01206 44   1223 461 a nSTRAL'AFLGN 
01207 34   1211 462 a OjP'L0K+2 

01210 40  1223 463 a OCL'AFLGN 
01211 02   1222 464 □ DCMAL'AKON 
01212 63   1220 465 a DjPMLE«'LCK+6 
01213 10   1223 466 a OENTAU'AFLGN 
01214 62   1216 467 a DjPAUNZ'L0K+2 
01213 35  1203 4 70 a OlJP'AVSTN 
01216 30  6100 471 o OCPAL' 
01217 33  1203 472 0 OlJP'MTSTN 

01220 12  1222 4 73 a OENTAL'AKON 
01221 34. 1213 4 74 a OjP'LOK-ö 
01222 01   4400 475 CAKCN 014400' 
01223 00   0000 476 OAFLGN 00' 
01224 00   0000 477 OELCFGN 00' 
01223 00   0000 500 □EMZVLN CO'DELEV  «(Z) PLUS VEL,SF7 
01226 00   0000 501 O/TEMPN 00' 
01227 00   0K)O0 502 a CO' 

01230 00   0000 503 DVFLAGN 00' 
01231 00  340L' 504 OVSIZEN 034^0" 
01232 00   0000 505 O/ELZCfl OO'cfILTEREP VELCCITY 
81233 00   0000 506 D 00' 
31234 00   0000 507 GEFLAGN OO' 
01233 t0   450.5 510 DESIZFN 04 ^k." 
01236 oo ooou; 511 OFVELCN CO' 
01237 34  0U17 512 DIRPISN DJP'KttNTN 
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TABLE A-l. (Continued) ■ 

iM24kJ oti ooei 513 DREfiCON CldOOOOl* l 
01241 m oooo 314 □           ao' ^H 
01242 ülä   Of.00 515 □INPÜSN  CÜ' ^H 
C1243 oo j-tjoi; 316 D                DO' i^B 
£1244 10  aAti. 517 DIRWPCP  0100400' H 
01245 01;   1000 520 o           aooiooio' ^H 
01246 00   0002 321 aryON     0000002' ^B 
01247 f3   3001^ 322 OPlSCN     D25040li' H 
C125K 13  2fc00 523 OP3Ö0N    OibOBOD' H 
C1231 00   0000 524 CAIRN       CO'OLATEST ERROR ^H 
LM252 Ok' oe'Ol' 525 OAIRIN    QB' ^B 
ÜI255 uO   0200 326 WüSEN    D12H1«'U1  SF7 1 
01234 00   0012 327 OTEN         01 OP' I^B 
01233 01   4363 33 i: OLIMITN  D6387n'U49.9 DEGREES ■ 
0123b tO   OttKO 531 DTESTN    OO'OSIüN FLAG  STORAGE H 
C1237 ükt   0000 532 0                00' mm 

0126t; 00  0000 533 CMOFZN   oü'anrz) SF7 I 
01261 00   0002 534 CTEFN       02*01^ NO, 2 ^H 
01262 00  2400 535 DPKf          O24ki0' ^H 

• 
01263 00  0000 536 d-3CUTN    Of ^B 
01264 54  0763 337 OERPISN  DjP'EKtWTN H 
01263 11   04150 340 CENVPCN 0110401' H 
»1266 «10   1100 341 U              C001100' H 
01267 Oi'   OiU'.O 342 CEAIRN     CO' 1 
C1271, i^C      OOOl- 343 DEAIHIN  DO' 1 
01271 UO ooto 344 "cfTESTr  CO' ^H 
01272 to utor 545 CTEWIS»!  CO' H 
01275 liki   OUOi' 346 C               CO* DSF 7 1 
01274 to 0000 34 7 a           ao'bsF? ^B 
01273 00  OuOO 550 DTHISTS  CO' ^H 
01276 00   0000 351 O                 Of OFF 14 RB 
01277 ut ooot 552 D               Oli'Cfc'OHKIMÖ  CELL H 
C13U0 It'  0000 553 CEACtfN  0100000' H 
CIS";! 61   4642 554 0                  D614642' ^B 
01^2 06 3656 555 0              Di;65656,                                                                    | ^B 
0I3H3 60 3113 536 DESCLFfi  D6051I3'                                                                    i ^B 
013134 07  4 702 357 D                0074 702* MB 
013b3 00  0000 560 CEEHIS!«  DO'                                                                               | HB 
01306 OiJ   0000 561 0                DO* H^B 
0131)7 tO   i'-kiCO 362 0                DO' 
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